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FOREWORD 

This  report  is  one  of  a  set  of  reports  documenting  the  development  of  a  cost-effectiveness  model 
for  guardrail  selection  which  includes  cost  parameters  for  various  guardrail  configurations  as 
well  as  criteria  for  analysis  of  system  effectiveness  under  various  dynamic  impact  conditions. 

Initially,  two  computer  programs  were  developed  for  (1)  determining  the  cost-effectiveness  of  a 
specific  guardrail  type  and  (2)  comparative  cost-effectiveness  and  rankings  of  eleven  guard- 
rail types,   It  is  important  to  note  that  in  the  development  and  application  of  this  model  the 
guardrail' was  assumed  to  be  warranted. 

A  speed  distribution  reported  by  Michigan  in  1974  was  used  in  the  initial  model  development. 
Subsequently,  another  speed  distribution  developed  by  Calspan  Corporation  was  used  in  the  model. 

The  Calspan  speed  distribution  was  developed  through  the  reconstruction  of  single  vehicle  acci- 
dents on  two  lane  rural  roads.   The  Michigan  data  was  obtained  from  police  reports  on  mostly 
freeway  accidents.   Because  of  differences  in  accident  location  and  possibly  also  due  to 
differences  in  data  collection  procedures,  the  Calspan  speeds  are  generally  lower  than  the 
Michigan  speeds.   For  this  reason  the  Calspan  speed  distribution  data  may  be  more  appropriate 
for  use  on  non-freeway  sites  while  the  Michigan  speed  distribution  data  may  be  more  indicative 
of  freeway  conditions.   The  use  of  the  lower  speed  distribution  did,  as  expected,  affect  the 
guardrail  rankings. 

In  order  to  provide  flexibility,  the  speed  distribution  has  been  changed  to  a  data  input  allow- 
ing the  user  to  choose  between  the  Michigan  produced  speed  distribution,  one  developed  by  the 
Calspan  Corporation  or  data  developed  directly  by  the  user. 

Two  sets  of  site  selection  tables  were  also  developed  from  the  models  for  use  in  the  field  in 
making  rough  approximations  of  how  the  various  guardrail  types  will  rank.   One  set  is  based  on 
the  Michigan  data;  the  other  set  is  based  on  the  Calspan  data.   In  both  cases,  only  the  direct 
costs  of  the  accidents  were  used.   This  was  done  to  avoid  the  controversy  surrounding  the  so- 
cietal costs  of  accidents,  the  major  portion  of  which  is  the  loss  of  future  earnings.   This 
result  has  little  effect  on  the  relative  rankings  but  does  effect  the  site  selection  tables. 
The  cost  variable  is  also  an  input  variable  when  using  the  models.   Thus,  the  user  may  choose 
what  he  considers  appropriate  values  for  the  costs  of  accidents. 

Sufficient  copies  of  the  Executive  Summary  and  the  two  volume  report  are  being  distributed  to 
provide  a  minimum  of  one  copy  to  each  FHWA  regional  office  and  one  copy  to  each  FHWA  division 
offices.  Copies  of  the  site  selection  tables  based  on  the  Calspan  data  will  be  made  available 
to  satisfy  individual  requests. 

Charles 
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PREFACE 

Since  the  completion  of  this  report,  a  draft  final  report  has  been  submitted  for  Contract  No. 
DOT-FH-1 1-8501,  "Methodology  for  Reducing  the  Hazardous  Effects  of  Highway  Features  and 
Roadside  Objects,"  by  Calspan  Field  Services,  Incorporated.  This  contract  involved  the  collection 
and  analysis  of  data  for  7,972  accidents  on  both  freeway  and  non-freeway  types  of  roads. 

The  impact  speed  distribution  obtained  from  this  Calspan  study  differed  significantly  from 
that  used  in  this  report  (see  Figure  6,  page  36  of  Volume  I).  Also,  a  question  was  raised  by  FHWA 
concerning  the  occupant  severity  index  (see  Figure  9,  page  51  of  Volume  I).  Consequently, 
sensitivity  analyses  were  conducted  of  the  speed  distribution  and  severity  indices  used  in  the  cost- 
effectiveness  model  of  this  study.  The  conclusions  of  the  analyses  were  that  the  model  is  sensitive 
(order  of  preference  of  guardrail  types  as  well  as  corresponding  values)  to  both  changes  in  severity 
and  the  change  in  speed  distribution. 

Details  of  these  sensitivity  analyses  are  shown  in  the  Addendum  starting  on  page  48.  Because  of 
the  sensitivity  of  these  parameters,  the  computer  programs  discussed  herein  have  been  changed  to 
include  user  specified  input  for  speed  distribution  percentages  and  severity  index  factors.  Further, 
sensitivity  analyses  and  site  selection  tables  presented  herein  have  been  rerun  with  the  Calspan  speed 
distribution. 

If  the  Michigan  speed  distribution  shown  in  Figure  6  of  Volume  I  is  representative,  the  user  can 
apply  the  results  of  this  report  directly.  If  the  Calspan  distribution  is  more  representative  (see 
Addendum),  the  regenerated  results  can  be  obtained  from  FHWA  for  use.  Finally,  if  other  distribu- 
tions or  modifications  of  the  severity  indices  (Figure  9  of  Volume  I)  are  desired,  the  user  can  specify 
the  input  values  and  conduct  computer  runs  to  prepare  his  own  set  of  guardrail  selection  aids. 
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I.   INTRODUCTION 

With  the  problems  of  ever-increasing  highway  construction  costs  and  the  limited  funding 
available,  it  has  become  of  critical  importance  that  a  cost-effectiveness  decision  policy  be  formu- 
lated for  selecting  the  various  alternatives  between  guardrail  types.  This  is  particularly  true  for  the 
rural,  low-volume  highway.  With  such  roads,  strict  adherence  to  current  guardrail  warranting  and 
installation  procedures  could  lead  to  the  installation  of  guardrails  of  maximum  effectiveness  at  some 
sites  and  no  installations  at  other  sites  because  of  the  lack  of  available  funds.  Thus,  the  need  exists 
for  the  develooment  of  effective  criteria  for  the  selection  of  guardrail  types  based  on  a  cost- 
effectiveness  analysis.  The  value  of  such  a  cost-effectiveness  decision-making  policy  need  not  be 
limited  to  low-volume  roads  and  could  result  in  more  efficient  utilization  of  available  funds  for  all 
types  of  highway  systems. 

The  objective  of  this  program  was  to  develop  a  cost-effectiveness  model  for  guardrail  selection 
that  includes  cost  parameters  for  various  guardrail  configurations  as  well  as  criteria  for  analysis  of 
system  effectiveness  under  various  dynamic  impact  conditions.  Two  computer  programs  were 
developed:  (1)  the  SSCOST  program  for  cost-effectiveness  values  (state  cost,  societal  cost,  total 
cost,  and  benefit-to-cost  ratio)  of  a  single  specified  guardrail  type  with  given  roadway  conditions, 
and  (2)  the  COCOST  program  for  comparative  cost-effectiveness  values  and  ranking  of  the  eleven 
included  guardrail  types  with  given  roadway  conditions.  For  flexibility  in  use  of  the  model,  particu- 
larly with  regard  to  regional  costs,  most  of  the  required  input  parameters  can  be  specified  by  the 
user.  However,  the  input  format  is  quite  simple  and  does  not  require  the  use  of  experienced 
programmers. 

The  following  definitions  apply  with  regard  to  the  cost-effectiveness  values  used  in  the  study: 

(1)  state  cost  —  money  spent  by  the  state  in  installing  and  maintaining  the  guardrail. 

(2)  societal  cost  —  costs  associated  with  accidents,  including  costs  of  injuries  and  fatalities, 
costs  of  guardrail  and  vehicle  damage,  and  cost  of  traffic  delay. 

(3)  total  cost  —  the  sum  of  state  and  societal  costs. 

(4)  benefit  —  the  difference  between  societal  cost  with  no  guardrail  installation  and  societal 
cost  with  the  guardrail  installed.  Hazard  types  include  fixed  objects  or  embankments. 

(5)  benefit-to-cost  ratio  -  the  ratio  of  the  benefit  to  the  state  cost.  Thus,  to  effect  a  savings 
in  societal  costs  greater  than  the  state  cost  of  the  guardrail  installation,  a  benefit-to-cost 
ratio  greater  than  unity  must  be  realized. 

Volume  I  of  this  report  contains  technical  documentation  and  describes  the  research  efforts 
undertaken  to  collect  and  analyze  the  available  data,  quantify  the  pertinent  parameters  of  the 
cost-effectiveness  model,  and  develop  the  computer  algorithm.  This  volume  contains  the  computer 
program  listings  and  instructions  and  examples  for  applying  the  programs  for  (1)  selection  at  a 
particular  site  of  the  most  cost-effective  guardrail  system  of  the  eleven  included  types,  (2)  guardrail 
placement  at  a  site  for  the  optimum  location  and  guardrail  type,  and  (3)  priority  ranking  of  several 
site  selections  for  appropriation  of  available  funds.  Representative  costs  are  supplied  for  those 
engineers  and  administrators  who  might  wish  to  use  them,  and  tables  are  included  for  field  use  in 
site  rankings  of  the  eleven  included  guardrail  types. 


II.  BASIS  OF  PROGRAM 

The  dashed-line  portion  of  Figure  1  represents  the  cost-effectiveness  analysis  in  the  guardrail 
design  process.  Note  that  though  the  need  for  the  guardrail  exists,  as  determined  by  standard 
warranting  procedures,  the  guardrail  construction  may  not  be  warranted  because  it  is  not  cost 
effective.  Further,  construction  may  be  delayed  even  for  cost-effective  sites  because  of  economic 
constraints.  Results  of  the  cost-effectiveness  analysis  can  be  used  to  establish  priorities  that  will  be 
helpful  in  selecting  the  most  cost-effective  installations  with  limited  available  funding. 

The  cost-effectiveness  algorithm  used  in  this  study  is  based  on  present-worth  state  and  societal 
costs  for  the  installation  of  the  eleven  (11)  guardrail  types  shown  in  Table  1.  Comparison  of  the 
guardrail  types  for  site  selection  or  priority  ranking  can  be  made  on  the  basis  of  (1)  total  societal 
costs,  (2)  total  of  state  and  societal  costs,  or  (3)  benefit/cost  ratios.  In  order  to  accomplish  this,  it 
was  necessary  in  the  study  to  estimate  the  required  inputs  shown  in  Figure  1 .  These  include  the 
following: 

(1)  traffic  mix  (fractions  of  total  traffic  by  2250-lb  and  4500-lb  vehicles) 

(2)  number  of  encroachments 

(3)  probabilities  of  out-of-control  vehicles  traversing  the  offset  distance  to  the  guardrail  or 
obstacle 
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DESIGN  G1 

Beam:  3-3/4- in.  cables 

Post:  S3  X  5.7 

Post  Spacing:  16ft-0  in. 

Hook  Bolts:  5/16-in.  dia 


t  1/4X8X24 


Metric  conversion:    Multiply  ft  by  0.305  to  obtain  m 
Multiply  in.  by  0.0254  to  obtain  m 


TABLE  1.  GUARDRAIL  TYPES  (Cont'd) 
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t  1  /4  X  8  X  24 


DESIGN  G2 

Beam:  12ga.  W 

Post:  S3  X  5.7 

Post  Spacing:  12  ft-6  in. 

Bolt:  5/16-in.  dia 


Bolt  A 


DESIGN  G3 

Beam:  TS6X6X0.1875 

Post:  S3  X  5.7 

Post  Spacing:  6  ft-0  in. 

Bolt  A:  3/8-in.  dia 

Bolt  B:  1/2-in.  dia 


P_  1  /4  X  8  X  24 


Metric  conversion:     Multiply  ft  by  0.305  to  obtain  in 
Multiply  in.  by  0.0254  to  obtain  m 


TABLE  1.  GUARDRAIL  TYPES  (Cont'd) 
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;//&//// 


DESIGN  G4S 

Beam:  12ga.  W 

Blockout:  W6  X  8.5 

Post:  W6  X  8.5 

Post  Spacing:  6  ft-3  in. 

Bolts:  5/8-in.  dia 


DESIGN  G4W 

Beam:  12ga.  W 

Blockout:  8  X  8-in.  wood 

Post:  8  X  8-in.  wood 

Post  Spacing:  6  ft-3  in. 

Bolt:  5/8-in.  dia 


Metric  conversion:     Multiply  ft  by  0.305  to  obtain  m 
Multiply  in.  by  0.0254  to  obtain  m 


TABLE  1.  GUARDRAIL  TYPES  (Cont'd) 
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i 

H= 

' 
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^ 
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12ga.  Thrie 
W6  X  8.5 

—7-3/16" 

•— '               j 

6'0 

„ 

Blockout: 

w 

Post: 

Post  Spacing: 

W6  X  8.5 
6  ft-3  in. 

///if////? 

///J&/W 

Bolts: 

5/8-in.  dia 

' 

r 

Metric  conversion:    Multiply  ft  by  0.305  to  obtain  m 
Multiply  in.  by  0.0254  to  obtain  m 


(4)  distribution  of  vehicle  speeds 

(5)  distribution  of  impact  angles 

(6)  accident  severities  in  terms  of  guardrail  damage,  number  of  occupant  injuries  or  fatalities, 
and  vehicle  damage  for  each  combination  of  the  category  vehicle  speeds  and  impact 
angles 

(7)  travel  delay  time  for  accident  blockage  and  guardrail  repair 

(8)  costs  of  injuries,  fatalities,  vehicle  damage,  travel  delay,  and  guardrail  installation,  repair, 
maintenance,  and  salvage  value 

(9)  service  life  of  the  guardrail  and  rate  of  interest. 

Details    of  how    each    of  these    items   was   quantified   are  discussed  in   Volume   I,  Technical 
Documentation. 


III.   LIMITATIONS  OF  PROGRAM 

As  with  any  cost-effectiveness  program,  certain  limitations  exist  because  of  the  complexities  of 
the  problem,  the  meager  data  that  is  available,  and  the  assumptions  that  must  be  made  to  fill  the 
gap  areas.  Thus,  engineering  judgment  should  be  used  along  with  the  program  in  making  the 
guardrail  selections  and  appropriating  funds.  The  following  should  be  considered  in  the  process: 

(1)  Certain  sites  sometimes  demonstrate  an  area  of  unusually  high  accident  frequencies  that 
may  or  may  not  be  identified  by  the  cost-effectiveness  program.  Such  sites  might  have  to 
be  considered  as  high-priority  spot  improvement  locations. 

(2)  This  program  is  concerned  with  guardrail  selection  at  sites  where  guardrails  are  warranted. 
Situations  are  not  included  in  which  alternate  means  are  employed  to  eliminate  the 
warrant,  such  as  flattening  slopes  or  removing  the  obstacle.  However,  the  program  can  be 
used  to  compare  costs  of  installing  guardrail  with  these  other  alternatives. 

(3)  The  BARRIER  VII  computer  program  was  used  to  extrapolate  full-scale  vehicle  crash  test 
data  and  establish  severities  for  the  various  combinations  of  vehicle  speeds  and  impact 
angles.  This  program  will  not  predict  vehicle  wheel  snagging  on  the  guardrail  posts,  which 
has  been  demonstrated  in  full-scale  tests  to  produce  severe  results  in  stiff  post  systems 
without  adequate  blockouts  or  with  the  larger  post  spacing.  For  example,  suppose  a 
guardrail  order  of  Designs  C,  A,  and  G2  is  indicated  by  the  program  and  the  evaluation 
criterion  used  for  the  ranking  (i.e.,  societal  cost,  total  cost,  or  B/C  ratio)  does  not  differ 
significantly  for  the  three  systems.  Both  guardrail  types  A  and  C  with  their  12.5-ft 
(3.8 1-m)  post  spacing  and  strong  posts  have  demonstrated  the  tendency  for  wheel 
snagging  and  vehicle  pocketing.  Though  not  supported  by  study  of  test  data  in  this 
program,  it  is  asserted  in  the  1977  AASHTO  "Guide  for  Selecting,  Locating,  and 
Designing  Traffic  Barriers"  that  experience  also  appears  to  indicate  that  the  longer  post 
spacings  may  allow  a  rail  to  twist  into  a  ramp  and  thus  cause  vaulting.  Thus,  excluding 
local  considerations  that  might  dictate  the  use  of  A  or  C,  type  G2  with  its  weak  posts 
would  be  the  choice  to  reduce  these  tendencies.  This  demonstrates  the  use  of  engineering 
judgment  in  conjunction  with  the  program  rankings  in  making  the  final  guardrail 
selection. 

(4)  In  order  to  establish  benefit/cost  ratios,  it  was  necessary  to  estimate  average  severity 
levels  for  a  typical  accident  with  no  guardrail.  Fixed  object  obstacles  and  embankments 
are  included  in  the  program.  From  very  limited  accident  data/1)  it  was  assumed  that  a 
typical  accident  for  embankments  would  result  in  average  severities  of  0.05  fatality,  0.50 
injury,  and  0.50  vehicle  damage.  Average  severities  assumed  for  fixed  objects  were  0.50 
fatality,  0.50  injury,  and  0.50  vehicle  damage  per  accident.  Further,  severities  of  0.50 
fatality,  0.50  injury,  and  0.50  vehicle  damage  were  assumed  when  the  dynamic  deflection 
of  the  guardrail  exceeded  the  guardrail-to-obstacle  distance.  The  resulting  evaluation 
values  will  not  materially  affect  the  rankings  at  the  site  where  the  program  has  been 
applied.  However,  in  comparing  the  program  B/C  ratios  with  those  of  fix-up  alternatives 
other  than  guardrails,  inconsistencies  might  occur  because  of  the  manner  in  which  these 
alternative  benefits  are  derived. 

(5)  In  establishing  severities,  only  one  vehicle  occupant  was  assumed  so  that  occupant  severi- 
ties were  set  at  1.0  fatality  and  0.0  injury  or  0.0  fatality  and  1.0  injury.  If  it  is  desired  to 
expand  from  this  occupant  base  to  some  known  accident  base,  it  can  be  done  by  modify- 
ing the  input  values  of  injury  and  fatality  costs.  For  example,  Council  and  Hunterv2) 
found  from  North  Carolina  data  that  averages  of  1.18  fatalities  and  1.118  injuries 
occurred  per  fatal  accident  and  1.601  injuries  per  injury  accident.  Using  base  costs  of 
$84,400  for  fatalities  (with  $900  of  property  damage  included)  and  $5,350  for  injuries, 


they  used  1.18  (84,400)  +1.118  (5350-900)  =  $104,567  and  1.601  (5350)  =  $8,565  for 
fatality  and  injury  costs,  respectively,  in  1 973  dollars.  Volume  I  of  this  report  shows  that 
the  relative  priority  ranking  of  guardrails  is  not  significantly  affected  by  wide  ranges  of 
fatality  and  injury  costs.  However,  the  actual  societal  cost,  total  cost,  and  benefit/cost 
values  will  change  considerably. 

(6)  Only  two  vehicle  classes  are  included  in  the  program:  2250-lb  vehicles  to  represent  the 
smaller  automobiles  and  4500-lb  vehicles  to  represent  the  larger  automobiles  and  light 
trucks.  If  known,  the  vehicle  mix  can  be  specified  in  the  input  data. 

(7)  A  worksheet  approach  was  attempted  for  field  calculations  to  determine  site  guardrail 
priorities.  However,  with  the  large  number  of  variables  involved,  the  accompanying  set  of 
severity  and  travel  delay  tables  would  be  too  voluminous.  The  set  of  tables  for  site 
selection  in  Appendix  A  involves  the  specification  of  values  and  costs  for  a  number  of  the 
variables  that  may  not  be  applicable  for  a  particular  site.  Consequently,  these  tables  are 
limited  to  rough  approximations  of  how  the  various  guardrail  types  will  rank.  For  more 
accurate  analysis,  and  for  setting  priorities  in  appropriation  of  funds,  the  simple  field  data 
should  be  recorded  and  sent  into  the  state  office  for  computer  analysis.  Both  CDC  and 
IBM  versions  of  the  program  have  been  prepared  so  that  the  program  can  be  made 
operational  on  the  various  state  computers  with  a  minimum  of  effort. 
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IV.  GUARDRAIL  WARRANTS  AND  LENGTH  OF  NEED 

It  is  assumed  in  this  program  that  guardrails  are  warranted  at  the  various  sites  of  interest. 
References  3,  4,  and  5  contain  warranting  procedures.  References  4  and  5  also  contain  methods  for 
determining  the  guardrail  length  of  need.  However,  these  methods  produce  lengths  that  might  be 
considered  conservative  in  view  of  the  current  economic  constraints,  particularly  for  the  low  volume 
rural  road.  For  example,  for  the  condition  shown  in  Figure  2,  the  Reference  4  method  produces  a 
value  for  the  end  of  guardrail  need  of 

^t/=f  1-^1(400)  =  240  ft 

With  a  50-mph  speed  and  5000  ADT,  the  method  of  Reference  5  yields 

Xu=  (l--^)  (290)  =174  ft 

A  method  that  would  produce  what  might  be  considered  to  be  an  absolute  minimum  guardrail 
length  of  need  is  illustrated  in  Figure  3.  Assume  the  vehicle  is  a  standard  4500-lb  automobile 
traveling  at  70  mph  with  a  coefficient  of  tire-to-pavement  friction  of  0.50.  Then  the  radius  of  turn 
of  the  vehicle  can  be  used  to  determine  the  offset  distance  X  by  simple  geometric  principles.  Details 
of  the  analysis  are  shown  in  Volume  I  of  this  report.  Table  2  shows  the  resulting  values  of  X  for 
various  values  of  D  and  D+W.  For  example,  for  the  upstream  end  of  the  obstacle  in  Figure  2,  D  =  6 
+  4  =  10  ft  and  D+W=  6+4  +  3+3  =  16  ft.  From  Table  2,  the  corresponding  X-value 

Xv  =  7 1  ft 

is  read  directly.  For  the  downstream  end,  D=6+12+4  =  22  ft  and  D+W=  6  +  \2  +  4 +  3  +  3  =  28 
ft,  which,  from  Table  2,  gives 

XD  =  40  ft. 

Assuming  the  actual  length  of  the  obstacle  is  L  =  100  ft,  the  length  of  guardrail  need,  as  shown  in 
Figure  3,  becomes 

Xv  +  L  +XD  =71  +  100  +  40  =  211  ft 

It  is  recommended  that  a  minimum  guardrail  length  of  1 50  ft  be  used  for  all  cases.  Note  in  Figure  2 
that  an  adequate  anchor  and  crashworthy  terminal  should  also  be  placed  beyond  both  ends  of  the 
guardrail  need. 

Table  2  can  also  be  used  to  determine  the  exposure  length  of  the  obstacle,  a  required  input  for 
the  COCOST  computer  program.  Again,  for  Figure  2,  the  upstream  values  of D  =  6+4  +  3  =  13  ft 
and  D+W  =6+4  +  3+3  =  16  ft  give 

Xv  =  48  ft 
from  Table  2.  Downstream  values  of  D  =  25  ft  and  D+W  =  28  ft  produce 

XD  =  30  ft 
Then  the  obstacle  exposure  length  becomes 

Xv  +  L  +  XD  =  48  +100  +30  =  178  ft 

11 


OJ 


OJ 


ro 


a 
< 
o 
or 

< 
or 

cr 

UJ 


i 

CVJ 


< 
or 
a 

< 


V 


M     m 


\ 
S     N 

LU 
-I 
O 
< 

C/) 

CD 


^ 


X 


<fi 

o 

o 

c 

< 


r  o 

o  c 

!i 

Eh 

to 


o 

v_ 

o 
o 


C 
UJ 

1 


Q 

UJ 


O 

I 
I- 

z 

ai 


< 

<r 
Q 
0C 
< 

< 

UJ 

oc 

I- 

a. 

Z> 

CN 
UJ 

cc 

r> 
o 


12 


TABLE  2.  GUARDRAIL  POINT  OF  NEED  VALUES 


Values 
of  D  +  W 

Values  of  D 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

9 

48 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

54 

45 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

11 

59 

50 

42 

0 

0 

0 

0 

0 

0 

0 

0 

0 

12 

63 

55 

46 

39 

0 

0 

0 

0 

0 

0 

0 

0 

13 

68 

59 

51 

43 

36 

0 

0 

0 

0 

0 

0 

0 

14 

72 

63 

55 

48 

41 

34 

0 

0 

0 

0 

0 

0 

15 

76 

67 

59 

52 

45 

38 

32 

0 

0 

0 

0 

0 

16 

80 

71 

63 

55 

48 

42 

36 

30 

0 

0 

0 

0 

17 

83 

75 

66 

59 

52 

46 

40 

34 

29 

0 

0 

0 

18 

87 

78 

70 

62 

55 

49 

43 

37 

32 

27 

0 

0 

.  19 

90 

81 

73 

66 

59 

52 

46 

41 

35 

31 

26 

0 

20 

93 

84 

76 

69 

62 

55 

49 

44 

39 

34 

29 

25 

21 

96 

88 

79 

72 

65 

59 

53 

47 

42 

37 

32 

28 

22 

99 

91 

82 

75 

68 

62 

56 

50 

45 

40 

35 

31 

23 

102 

94 

85 

78 

71 

65 

59 

53 

48 

43 

38 

34 

24 

105 

96 

88 

81 

74 

67 

61 

56 

4 

46 

41 

37 

25 

108 

99 

91 

84 

77 

70 

64 

59 

53 

49 

44 

40 

26 

111 

102 

94 

87 

80 

73 

67 

62 

56 

51 

47 

42 

27 

114 

105 

97 

89 

82 

76 

70 

64 

59 

54 

50 

45 

28 

116 

108 

100 

92 

85 

79 

73 

67 

62 

57 

52 

48 

29 

119 

111 

102 

95 

88 

82 

75 

70 

65 

60 

55 

51 

30 

122 

113 

105 

98 

91 

84 

78 

73 

67 

63 

58 

54 

31 

125 

116 

108 

101 

94 

87 

81 

75 

70 

65 

61 

56 

32 

128 

119 

111 

103 

96 

90 

84 

78 

73 

68 

64 

59 

33 

130 

122 

114 

106 

99 

93 

87 

81 

76 

71 

66 

62 

34 

133 

125 

116 

109 

102 

95 

89 

84 

79 

74 

69 

65 

35 

136 

127 

119 

112 

105 

98 

92 

87 

81 

77 

72 

68 

36 

139 

130 

122 

115 

108 

101 

95 

90 

84 

79 

75 

71 

37 

142 

133 

125 

117 

110 

104 

98 

92 

87 

82 

78 

73 

38 

145 

136 

128 

120 

113 

107 

101 

95 

90 

85 

81 

76 

39 

147 

139 

131 

123 

116 

110 

104 

98 

93 

88 

83 

79 

40 

150 

142 

133 

126 

119 

113 

107 

101 

96 

91 

86 

82 

41 

153 

144 

136 

129 

122 

115 

109 

104 

99 

94 

89 

85 

42 

156 

147 

139 

132 

125 

118 

112 

107 

101 

97 

92 

88 

43 

159 

150 

142 

135 

128 

121 

115 

109 

104 

99 

95 

90 

44 

162 

153 

145 

137 

130 

124 

118 

112 

107 

102 

98 

93 

45 

165 

156 

148 

140 

133 

127 

121 

115 

110 

105 

100 

96 

46 

167 

159 

151 

143 

136 

130 

124 

118 

113 

108 

103 

99 

47 

170 

161 

153 

146 

139 

132 

126 

121 

116 

111 

106 

102 

48 

173 

164 

156 

149 

142 

135 

129 

124 

118 

113 

109 

105 

49 

176 

167 

159 

151 

144 

138 

132 

126 

121 

116 

112 

107 

50 

178 

170 

161 

154 

147 

141 

135 

129 

124 

119 

114 

110 

51 

181 

172 

164 

157 

150 

143 

137 

132 

126 

121 

117 

113 

52 

184 

175 

167 

159 

152 

146 

140 

134 

129 

124 

120 

115 

53 

186 

177 

169 

162 

155 

148 

142 

137 

132 

127 

122 

118 

54 

189 

180 

172 

164 

157 

151 

•  145 

139 

134 

129 

125 

120 

55 

191 

182 

174 

167 

160 

153 

147 

142 

137 

132 

127 

123 

56 

193 

185 

177 

169 

162 

156 

150 

144 

139 

134 

129 

125 

57 

196 

187 

179 

171 

165 

158 

152 

^146 

141 

136 

132 

127 

58 

198 

189 

181 

174 

167 

160 

154 

'l49 

143 

139 

134 

130 

59 

200 

192 

183 

176 

169 

163 

157 

151 

146 

141 

136 

132 

60 

202 

194 

186 

178 

171 

165 

159 

153 

148 

143 

138 

134 
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TABLE  2.  GUARDRAIL  POINT  OF  NEED  VALUES  (Cont'd) 


Values 
ofD  +  W 

Values  of  D 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

21 

24 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

22 

27 

23 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

23 

30 

26 

22 

0 

0 

0 

0 

0 

0 

0 

0 

0 

24 

33 

29 

25 

22 

0 

0 

0 

0 

0 

0 

0 

0 

25 

36 

32 

28 

25 

21 

0 

0 

0 

0 

0 

0 

0 

26 

38 

35 

31 

27 

24 

21 

0 

0 

0 

0 

0 

0 

27 

41 

37 

34 

30 

27 

24 

20 

0 

0 

0 

0 

0 

28 

44 

40 

37 

33 

30 

26 

23 

20 

0 

0 

0 

0 

29 

47 

43 

39 

36 

32 

29 

26 

23 

20 

0 

0 

0 

30 

50 

46 

42 

39 

35 

32 

29 

26 

23 

20 

0 

0 

31 

52 

49 

45 

41 

38 

35 

32 

29 

26 

23 

20 

0 

32 

55 

51 

48 

44 

41 

38 

34 

31 

28 

25 

23 

20 

33 

58 

54 

50 

47 

44 

40 

37 

34 

31 

28 

25 

23 

34 

61 

57 

53 

50 

46 

43 

40 

37 

34 

31 

28 

25 

35 

64 

60 

56 

53 

49 

46 

43 

40 

37 

34 

31 

28 

36 

66 

63 

59 

55 

52 

49 

46 

43 

40 

37 

34 

31 

37 

69 

65 

62 

58 

55 

52 

48 

45 

42 

40 

37 

34 

38 

72 

68 

65 

61 

58 

54 

51 

48 

45 

42 

40 

37 

39 

75 

71 

67 

64 

61 

53 

54 

51 

48 

45 

42 

40 

40 

78 

74 

70 

67 

63 

60 

57 

54 

51 

48 

45 

42 

41 

81 

77 

73 

70 

66 

63 

60 

57 

54 

51 

48 

45 

42 

84 

80 

76 

73 

69 

66 

63 

60 

57 

54 

51 

48 

43 

86 

83 

79 

75 

72 

69 

66 

63 

60 

57 

54 

51 

44 

89 

85 

82 

78 

75 

72 

68 

65 

62 

60 

57 

54 

45 

92 

88 

85 

81 

78 

74 

71 

68 

65 

62 

59 

57 

46 

95 

91 

87 

84 

80 

77 

74 

71 

68 

65 

62 

59 

47 

98 

94 

90 

87 

83 

80 

77 

74 

71 

68 

65 

62 

48 

100 

97 

93 

89 

86 

83 

80 

77 

74 

71 

68 

65 

49 

103 

99 

96 

92 

89 

86 

82 

79 

76 

73 

71 

68 

50 

106 

102 

98 

95 

91 

88 

85 

82 

79 

76 

73 

70 

51 

109 

105 

101 

97 

94 

91 

88 

85 

82 

79 

76 

73 

52 

111 

107 

104 

100 

97 

93 

90 

87 

84 

81 

79 

76 

53 

114 

110 

106 

103 

99 

96 

93 

90 

87 

84 

81 

78 

54 

116 

112 

109 

105 

102 

99 

95 

92 

89 

86 

84 

81 

55 

119 

115 

111 

108 

104 

101 

98 

95 

92 

89 

86 

83 

56 

121 

117 

114 

110 

107 

103 

100 

97 

94 

91 

88 

86 

57 

123 

120 

116 

112 

109 

106 

103 

100 

97 

94 

91 

88 

58 

126 

122 

118 

115 

111 

108 

105 

102 

99 

96 

93 

90 

59 

128 

124 

120 

117 

113 

110 

107 

104 

101 

98 

95 

92 

60 

130 

126 

122 

119 

116 

112 

109 

106 

103 

100 

97 

94 

61 

132 

128 

124 

121 

118 

114 

111 

108 

105 

102 

99 

97 

62 

134 

130 

126 

123 

120 

116 

113 

110 

107 

104 

101 

99 

63 

136 

132 

128 

125 

122 

118 

115 

112 

109 

106 

103 

100 

64 

138 

134 

130 

127 

123 

120 

117 

114 

111 

108 

105 

102 

65 

140 

136 

132 

128 

125 

122 

119 

116 

113 

110 

107 

104 

66 

141 

137 

134 

130 

127 

124 

120 

117 

114 

111 

109 

106 

67 

143 

139 

135 

132 

128 

125 

122 

119 

116 

113 

110 

107 

68 

144 

141 

137 

133 

130 

127 

124 

121 

118 

115 

112 

109 

69 

146 

142 

138 

135 

132 

128 

125 

122 

119 

116 

113 

111 

70 

147 

144 

140 

136 

133 

130 

127 

124 

121 

118 

115 

112 
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TABLE  2.  GUARDRAIL  POINT  OF  NEED  VALUES 


Values 
ofD+W 

Values  of  D 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

33 

20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

34 

23 

20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

35 

25 

23 

20 

0 

0 

0 

0 

0 

0 

0 

0 

0 

36 

28 

25 

23 

20 

0 

0 

0 

0 

0 

0 

0 

0 

37 

31 

28 

25 

23 

20 

0 

0 

0 

0 

0 

0 

0 

38 

34 

31 

28 

25 

23 

20 

0 

0 

0 

0 

0 

0 

39 

37 

34 

31 

28 

26 

23 

20 

0 

0 

0 

0 

0 

40 

40 

37 

34 

31 

28 

26 

23 

20 

0 

0 

0 

0 

41 

42 

40 

37 

34 

31 

28 

26 

23 

20 

0 

0 

0 

42 

45 

42 

40 

37 

34 

31 

29 

26 

23 

20 

0 

0 

43 

48 

45 

43 

40 

37 

34 

31 

29 

26 

23 

20 

0 

44 

51 

48 

45 

43 

40 

37 

34 

31 

29 

26 

23 

20 

45 

54 

51 

48 

45 

43 

40 

37 

34 

31 

29 

26 

23 

46 

57 

54 

51 

48 

45 

43 

40 

37 

34 

31 

29 

26 

47 

59 

57 

54 

51 

48 

45 

43 

40 

37 

34 

31 

29 

48 

62 

59 

57 

54 

51 

48 

45 

43 

40 

37 

34 

31 

49 

65 

62 

59 

57 

54 

51 

48 

45 

43 

40 

37 

34 

50 

68 

65 

62 

59 

56 

54 

51 

48 

45 

42 

40 

37 

51 

70 

67 

65 

62 

59 

56 

53 

51 

48 

45 

42 

39 

52 

73 

70 

67 

64 

62 

59 

56 

53 

50 

48 

45 

42 

53 

75 

73 

70 

67 

64 

61 

59 

56 

53 

50 

47 

45 

54 

78 

75 

72 

70 

67 

64 

61 

58 

56 

53 

50 

47 

55 

80 

78 

75 

72 

69 

66 

64 

61 

58 

55 

52 

49 

56 

83 

80 

77 

74 

72 

69 

66 

63 

60 

58 

55 

52 

57 

85 

82 

79 

77 

74 

71 

68 

66 

63 

60 

57 

54 

58 

87 

85 

82 

79 

76 

73 

71 

68 

65 

62 

59 

56 

59 

90 

87 

84 

81 

78 

76 

73 

70 

67 

64 

62 

59 

60 

92 

89 

86 

83 

81 

78 

75 

72 

69 

66 

64 

61 

61 

94 

91 

88 

85 

83 

80 

77 

74 

71 

69 

66 

63 

62 

96 

93 

90 

87 

85 

82 

79 

76 

73 

71 

68 

65 

63 

98 

95 

92 

89 

86 

84 

81 

78 

75 

72 

70 

67 

64 

99 

97 

94 

91 

88 

86 

83 

80 

77 

74 

71 

69 

65 

101 

98 

96 

93 

90 

87 

84 

82 

79 

76 

73 

70 

66 

103 

100 

97 

95 

92 

89 

86 

83 

81 

78 

75 

72 

67 

105 

102 

99 

96 

93 

91 

88 

85 

82 

79 

77 

74 

68 

106 

103 

101 

98 

95 

92 

89 

87 

84 

81 

78 

75 

69 

108 

105 

102 

99 

97 

94 

91 

88 

85 

83 

80 

77 

70 

109 

106 

104 

101 

98 

95 

92 

90 

87 

84 

81 

78 

71 

111 

108 

105 

102 

99 

97 

94 

91 

88 

85 

83 

80 

72 

112 

109 

106 

104 

101 

98 

95 

93 

90 

87 

84 

81 

73 

113 

111 

108 

105 

102 

99 

97 

94 

91 

88 

85 

83 

74 

115 

112 

109 

106 

104 

101 

98 

95 

92 

90 

87 

84 

75 

116 

113 

111 

108 

105 

102 

99 

97 

94 

91 

88 

85 

76 

118 

115 

112 

109 

106 

104 

101 

98 

95 

92 

90 

87 

77 

119 

116 

113 

111 

108 

105 

102 

99 

97 

94 

91 

88 

78 

120 

118 

115 

112 

109 

106 

104 

101 

98 

95 

92 

89 

79 

122 

119 

116 

113 

111 

108 

105 

102 

99 

97 

94 

91 

80 

123 

121 

118 

115 

112 

109 

107 

104 

101 

98 

95 

.  - - 

93 
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Note  that  this  method  gives  significantly  shorter  guardrail  lengths  of  need  than  the  methods  of 
References  4  and  5.  Hence,  some  discretion  might  be  warranted  in  its  use.  If  the  terminal  is 
satisfactory  for  near  head-on  impacts,  such  as  the  breakaway  cable  terminal,  the  longer  runout 
lengths  of  References  4  and  5  could  be  overly  conservative.  Flaring  the  guardrail  ends  could  also  be 
helpful  in  this  regard  (see  Reference  5).  Of  course,  the  shorter  lengths  will  have  the  advantage  of 
fewer  hits  and,  because  of  the  construction  cost  savings,  could  conceivably  result  in  more  installa- 
tions than  would  be  afforded  with  the  longer  lengths.  However,  use  of  the  method  should  probably 
be  restricted  to  low  volume  rural  roads. 
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V.   REPRESENTATIVE  COSTS  AND  INPUT  VALUES 

The  cost-effectiveness  model  was  developed  with  a  view  of  providing  flexibility  in  the  specifi- 
cation of  input  data  so  that  a  particular  highway  agency  can  insert  its  own  values  for  costs  and  other 
parameters.  Discussed  in  this  section  are  representative  or  typical  mid- 1975  values  that  have  been 
used  in  the  sample  problems  and  that  can  be  used  by  an  agency  if  local  data  is  not  readily  available. 

Traffic  Mix 

It  is  necessary  to  specify  the  fraction  of  compact  (2250-lb)  and  standard  (4500-lb)  auto- 
mobiles for  the  traffic  mix.  Questionnaires  sent  to  the  states  resulted  in  the  following  average  values: 

Fraction  of  2250-lb  vehicles  =  0.25 
Fraction  of  4500-lb  vehicles  =  0.75 


Guardrail  Costs 

Table  3  shows  average  guardrail  installation  costs 
by  FHWA  region.  States  were  contacted,  and  responses 
were  usually  in  the  form  of  bid  summaries  that  indi- 
cated considerable  fluctuations  because  of  the  various 
lengths  and  other  factors  involved.  To  obtain  better  data 
for  comparison  purposes,  a  number  of  guardrail  erectors 
were  contacted  for  unit  prices  of  a  common  length  of 
installation.  Except  for  significantly  different  values, 
which  Were  excluded,  Table  3  values  are  averages  of  all 
responses.  The  following  average  Region  6  values  were 
used  in  the  sample  problems: 


TABLE  3.  AVERAGE  GUARDRAIL  INSTALLATION 
COSTS  ($/L.F.) 


Type  A 
B 
C 
D 
E 
Gl 
G2 
G3 
G4S 
G4W 
Thrie 


$  4.50/L.F. 
6.00 
5.00 
6.25 
6.10 
3.10 
4.35 
13.50 
6.50 
6.50 
7.50 


FHWA 
Region 

Guardrail  Type 

A 

B 

C 

D 

E 

1 

4.00 

5.25 

4.15 

5.90 

6.10 

2 

NA 

NA 

NA 

5.30 

6.90 

3 

3.75 

5.20 

4.00 

5.00 

6.30 

4 

NA 

NA 

6.65 

NA 

7.70 

5 

4.10 

6.40 

4.50 

6.60 

6.60 

6 

4.50 

6.00 

5.00 

6.25 

6.10 

7 

3.90 

5.35 

4.20 

5.60 

5.80 

8 

6.00 

7.40 

5.95 

6.50 

8.40 

9 

NA 

6.30 

5.60 

7.75 

NA 

FHWA 
Region 

Guardrail  Type 

Gl 

G2 

G3 

G4S 

G4W 

Thrie 

1 

3.10 

5.40 

14.10 

6.30 

NA 

7.50 

2 

5.75 

6.10 

NA 

6.60 

5.50 

NA 

3 

NA 

3.75 

NA 

6.00 

6.00 

NA 

4 

NA 

NA 

NA 

7.90 

NA 

NA 

5 

5.00 

4.80 

13.70 

6.75 

6.70 

NA 

6 

3.10 

4.35 

13.50 

6.50 

6.50 

7.50 

7 

2.75 

3.80 

12.80 

6.40 

5.70 

NA 

8 

4.35 

4.85 

10.50 

8.00 

7.60 

NA 

9 

5.00 

NA 

16.50 

7.50 

7.60 

10.50 

NA  =  Not  Available 


The  variation  of  guardrail  repair  costs  received  from  the  states  was  even  greater,  ranging  from 
30  to  130  percent  of  the  corresponding  installation  costs.  For  illustrative  purposes,  the  cost  of 
repair  was  set  equal  to  the  cost  of  installation. 

With  galvanized  metal  and  treated  wood,  normal  guardrail  maintenance  was  considered 
negligible  by  the  states.  Thus,  the  yearly  maintenance  cost  was  set  at  zero  in  the  sample  problems.  A 
salvage  value  of  $1 .00  per  foot  was  also  used  for  each  of  the  guardrail  types. 

Travel  Delay 

The  following  average  values  were  used  in  the  sample  problems  for  travel  delay  factors: 
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Time  to  remove  damaged  vehicle  1 .0  hour 

Time  to  repair  damaged  guardrail  10.0  hours 

Traffic  delay  cost  $10/vehicle  hour 

Injury,  Fatality,  and  Vehicle  Costs 

A  direct  cost  approach  was  used  for  estimating  injury  and  fatality  costs  (i.e.,  future  produc- 
tivity, property  damage,  and  funeral  costs  were  excluded).  The  following  mid-1975  values  were 
used: 

Cost  of  injury  $3 ,500  each 

Cost  of  fatality  $33 , 1 00  each 

As  indicated  in  Section  III  above,  the  occupant  base  used  in  the  program  can  be  changed  to  an 
accident  base  by  modifying  these  costs. 

The  following  average  1975  sticker  prices  were  used  for  vehicle  costs: 

Costof  2250-lb  vehicle  $3,200  each 

Cost  of  4500-lb  vehicle  $5,300  each 

Economic  Factors 

To  determine  present  worth  state  and  societal  costs,  the  following  were  used  in  the  sample 
problems: 

Guardrail  service  life  1 5  years 

Current  rate  of  interest  8  percent 


19 


VI.  SAMPLE  PROBLEMS 

The  input  values  shown  in  Section  V  above  were  used  in  several  sample  problems  to  illustrate 
the  use  of  the  cost-effectiveness  model.  This  section  discusses  these  uses. 

Site  Selection 

The  tables  shown  in  Appendix  A  were  developed  for  field  use  in  site  rankings  of  the  guardrail 
types.  For  indexing  purposes,  the  tables  are  numbered  by  (road  type)-(pavement-to-guardrai! 
distance)-(guardrail-to-obstacle  distance).  For  example, 

2R-5A  =  2-lane  rural  road  with  5  feet  from  pavement  edge  to 
guardrail  and  4  feet  from  guardrail  to  obstacle 

Road  types  in  the  tables  include: 

2R  =  2-lane  rural  road 
4R  =  4-lane  rural  road  (undivided) 
D  =  all  divided  highways. 

Note  that  the  degree  of  curve  is  shown  in  the  first  column.  Plus  degrees  indicate  curvature  to  the 
left,  and  minus  degrees  indicate  curvature  to  the  right.  A  guardrail-to-obstacle  distance  of  zero 
indicates  an  embankment  type  of  hazard.  Non-zero  values  indicate  fixed  object  hazards.  The  tables 
can  be  used  in  the  following  ways: 

(1)  For  "quick  and  dirty"  selections,  the  rankings  shown  can  be  used  directly.  Note  that  the 
selections  can  be  made  on  the  basis  of  state  cost,  societal  cost,  total  cost,  or  benefit-to- 
cost  ratio.  The  rankings  are  in  the  order  of  decreasing  preference  (the  best  is  number  1 
and  the  worst  is  number  1 1).  The  state  cost  criterion  ranks  the  guardrails  in  the  order  of 
increasing  state  costs  and  hence  indicates  which  system  would  be  the  cheapest  to  install. 
The  societal  cost  criterion  indicates  the  effectiveness  of  the  guardrails  in  terms  of  increas- 
ing societal  costs.  However,  neither  of  these  criteria  necessarily  will  show  the  most  cost- 
effective  system.  Thus,  cost-effective  criteria  of  increasing  total  costs  (state  plus  societal 
costs)  and  decreasing  benefit-to-cost  ratios  are  also  included. 

As  an  example,  consider  a  2-lane  rural  road  turning  to  the  left  with  a  4-degree  curve. 
The  guardrail  is  6  feet  from  the  edge  of  the  pavement,  and  the  obstacle  is  4  feet  back  of 
the  guardrail.  From  Table  2R-6-4  with  +4  degrees  of  curve,  the  G2  guardrail  is  the  most 
cost-effective  system  for  either  total  cost  or  benefit-to-cost  ratio.  Suppose  this  system  is 
not  used  in  a  particular  state  and  it  is  desirable  to  select  from  types  D,  E,  G4S,  and  G4W. 
The  logical  choice  would  be  type  D,  which,  though  it  ranks  behind  E  in  state  cost,  is 
better  than  all  of  the  other  three  systems  for  societal  cost,  total  cost,  and  benefit/cost 
ratio. 

(2)  It  must  be  realized  that  the  selection  criteria  used  above  were  based  on  the  representative 
input  values  shown  in  Section  V.  If  other  values  are  used,  the  rankings  will  probably  not 
be  the  same.  However,  costs  associated  with  a  guardrail  installation  are  essentially  linear 
with  regard  to  AADT  and  exposure  length.  Thus,  the  values  in  the  tables  of  Appendix  A 
can  be  used  to  roughly  determine  values  for  certain  other  conditions.  For  example, 
consider  Case  1  of  Appendix  C,  with  AADT  =  5000,  guardrail  length  =  500  ft,  obstacle 
length  =  400  ft,  and  curvature  =  0  degrees.  The  values  in  this  case  could  be  approximated 
from  Table  2R-3-2  (0°  curve)  as  follows: 
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Societal  cost  with  no  guardrail: 

$710.68  4  5 

X X =  $14,214 

(Table  2R-3-2)     (ratio  of  obstacle  lengths)     (ratio  of  AADT's) 

State  cost  (for,  say,  guardrail  type  G4S): 

$618.48  5 

x7 — : — z 7-^r, TT  =  $3,092 


(Table  2R-3-2)     (ratio  of  guardrail  lengths) 

Societal  cost  (guardrail  type  G4S): 

$271.05                              5  5  m,      „ 

X  - — ; - — — —  X  - — ; — ~  .kTvri.  =  $6,776 


(Table  2R-3-2)     (ratio  of  guardrail  lengths)     (ratio  of  AADT's) 

Total  cost  (guardrail  type  G4S): 

$3,092  +  $6,776  =  $9,868 

Benefit-to-cost  ratio: 

(14,214  -  6,776)/3092  =  2.41 

Note  that  the  state  cost  could  be  estimated  directly.  For  example,  if  the  engineer  knows  that  a 
G4S  system  (500  ft  required)  will  cost  $5.00  per  ft,  end  anchors  (2  required)  will  cost  $200  each, 
and  terminal  sections  (2  required)  will  cost  $400  each,  the  state  cost  is 

500(5.00)  +  200(2)  +  400(2)  =  $3,700. 

In  this  sample  problem,  identical  injury,  fatality,  and  vehicle  costs  have  been  used  for  Table 
2R-3-2  and  Case  1  societal  values.  Such  simple  ratio  manipulations  of  the  Appendix  A  tables  cannot 
be  done  for  cases  with  different  injury,  fatality,  and  vehicle  costs.  Thus,  the  method  is  rather 
limited,  and  state  computer  runs  for  such  cases  are  suggested. 

Guardrail  Placement 

Consider  the  roadside  condition  shown  in  Figure  4.  The  COCOST  program  can  be  used  to 
determine  the  optimum  shoulder  distance  S  to  place  the  guardrail  and  the  most  cost-effective 
system  to  install.  The  first  step  involves  setting  the  guardrail  at  various  distances  from  the  edge  of 
the  pavement.  These  are  shown  as  shoulders  in  Table  4.  Values  of  D  and  D+W  (see  Figure  3)  can 
then  be  established  and  the  exposure  lengths  determined  from  Table  2.  The  results  are  shown  in 
Table  4,  from  which  it  can  be  seen  that  the  obstacle  exposure  length  =  200  ft,  and  the  guardrail 
lengths  of  need  range  from  311  ft  to  222  ft  for  the  various  shoulder  widths.  Now  assume  that  the 
AADT  for  the  road  is  5000.  The  next  step  is  to  run  the  COCOST  program  for  each  of  the  ten  cases 
in  Table  4.  Outputs  of  these  runs  are  shown  in  Appendix  B.  From  the  results,  the  most  cost-effec- 
tive systems  for  each  shoulder  width  are  extracted  and  tabulated  in  Table  5.  Note  that  Type  G2  at  S 
=  9  f t  gives  the  best  results  for  both  societal  cost  and  total  cost.  The  cheaper  Gl  system  at  S  =  4  ft 
produces  the  best  benefit-to-cost  ratio. 
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TABLE  4.  DETERMINATION  OF  LENGTHS  OF  NEED 


Shoulder 
(ft) 

Obstacle 
Length 

Upstream 

Downstream 

Length  of  Need 

D 

D  +  W 

*u 

D 

D+W 

xD 

no 
guardrail 

100 

21 

31 

52 

33 

43 

48 

200 

3 

100 

9 

31 

125 

21 

43 

86 

311 

4 

100 

10 

31 

116 

22 

43 

83 

299 

5 

100 

11 

31 

108 

23 

43 

79 

287 

6 

100 

12 

31 

101 

24 

43 

75 

276 

7 

100 

13 

31 

94 

25 

43 

72 

266 

8 

100 

14 

31 

87 

26 

43 

69 

256 

9 

100 

15 

31 

81 

27 

43 

66 

247 

10 

100 

16 

31 

75 

28 

43 

63 

238 

11 

100 

17 

31 

70 

29 

43 

60 

230 

12 

100 

18 

31 

65 

30 

43 

57 

222 

TABLE  5.  RESULTS  OF  ANALYSIS 


Shoulder 
(ft) 

Most  Effective  System  E 

!y: 

Societal  Cost 

Total  Cost 

Benefit/Cost 
Ratio 

Type 

Value 

Type 

Value 

Type 

Value 

3 

G2 

$  910 

Gl 

$1868 

Gl 

2.96 

4 

G2 

857 

Gl 

1761 

Gl 

3.16 

5 

G2 

799 

G2 

1957 

Gl 

2.96 

6 

G2 

755 

G2 

1868 

G2 

2.52 

7 

G2 

704 

G2 

1777 

G2 

2.66 

8 

G2 

667 

G2 

1700 

G2 

2.80 

9 

G2 

627 

G2 

1623 

G2 

2.94 

10 

G4S 

1302 

A 

2422 

G2 

2.17 

11 

G4S 

1223 

A 

2293 

A 

2.32 

12 

Thrie 

1243 

C 

2576 

A 

2.04 

Conclusion: 

Use  Type  G2  at  9  ft  for  best  societal  cost. 

Use  Type  G2  at  9  ft  for  best  total  cost. 

Use  Type  Gl  at  4  ft  for  best  benefit/cost  ratio. 

Priority  Ranking 

Consider  that  the  20  different  sites  shown  in  Table  6  are  to  be  ranked  for  appropriation  of 
limited  funding.  Again,  the  COCOST  program  is  run  for  each  of  the  20  cases.  The  outputs  are 
shown  in  Appendix  C.  From  the  combined  results,  the  20  most  cost-effective  guardrail  systems  are 
selected  for  whichever  evaluation  criteria  is  preferred.  The  systems  are  then  placed  in  the  order  of 
decreasing  cost  effectiveness.  For  example,  from  the  results  shown  in  Appendix  C,  Tables  7,  8,  and 
9  are  prepared  to  establish  priorities  by  societal  cost,  total  cost,  and  benefit/cost  ratio,  respectively. 
The  state  cost  for  each  case  is  listed  in  the  tables,  and  a  cumulative  state  cost  is  prepared  to 
determine  the  cut-off  point  for  available  funds.  For  example,  if  $25,000  is  available  and  the  total 
cost  criterion  is  selected,  it  can  be  seen  from  Table  8  that  only  the  top  12  cases  can  be  funded. 

Note  from  these  examples  that  the  computer  program  is  simply  used  to  determine  the  rankings 
and  corresponding  values  for  each  case.  The  various  results  must  then  be  manipulated  and  combined 
to  determine  the  optimum  guardrail  placement  or  establish  the  priority  ranking. 
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TABLE  6.   SAMPLE  CASES  FOR  SETTING  PRIORITIES 


Shoulder 

Guardrail- 

Degree 

Case 

Roadway  Type 

Width 

to-Obstacle 
Distance 

of 
Curve 

AADT 

1 

2-lane  rural 

3 

2 

0 

5,000 

2 

2-lane  rural 

3 

2 

0 

10,000 

3 

2-lane  rural 

3 

4 

0 

5,000 

4 

2-lane  rural 

3 

4 

10 

5,000 

5 

2-lane  rural 

3 

4 

-10 

5,000 

6 

2-lane  rural 

3 

6 

0 

5,000 

7 

2-lane  rural 

4 

6 

0 

5,000 

8 

2-lane  rural 

5 

6 

0 

5,000 

9 

2-lane  rural 

6 

6 

0 

5,000 

10 

2-lane  rural 

7 

6 

0 

5,000 

11 

2-lane  rural 

8 

6 

0 

5,000 

12 

4-lane  rural 

4 

8 

0 

10,000 

13 

4-lane  rural 

6 

6 

0 

10,000 

14 

4-lane  rural 

8 

4 

0 

10,000 

15 

4-lane  rural 

10 

2 

0 

10,000 

16 

freeway 

6 

6 

0 

10,000 

17 

freeway 

8 

6 

0 

10,000 

18 

freeway 

10 

6 

0 

10,000 

19 

freeway 

12 

6 

0 

10,000 

20 

freeway 

12 

6 

0 

20,000 

Use  guardrail  length  =  500  ft  for  all  cases;  obstacle  length 

=  400  ft 

for  all 

cases. 

TABLE  7.  PRIORITIES  BY  SOCIETAL  COST 


Rank 

Case 

Guardrail 

Societal 

Case  State 

Cumulative 

No. 

Type 

Cost 

Cost 

State  Cost 

1 

19 

G2 

$1133 

$2017 

$2017 

2 

18 

G2 

1233 

2017 

4034 

3 

11 

G2 

1303 

2017 

6051 

4 

10 

G2 

1341 

2017 

8068 

5 

17 

G2 

1355 

2017 

10,085 

6 

9 

G2 

1381 

2017 

12,102 

7 

8 

G2 

1418 

2017 

14,119 

8 

7 

G2 

1450 

2017 

16,136 

9 

6 

G2 

1474 

2017 

18,153 

10 

16 

G2 

1494 

2017 

20,170 

11 

5 

G2 

1499 

2017 

22,187 

12 

12 

G2 

1748 

2017 

24,204 

13 

13 

G2 

1837 

2017 

26,221 

14 

20 

G2 

2263 

2017 

28,238 

15 

3 

G2 

2683 

2017 

30,255 

16 

14 

G2 

2942 

2017 

32,272 

17 

1 

Thrie 

3580 

3592 

35,864 

18 

4 

G4S 

3610 

3092 

38,956 

19 

15 

Thrie 

3800 

3592 

42,548 

20 

2 

Thrie 

i_ 

7345 

3592 

46,140 
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TABLE  8.  PRIORITIES  BY  TOTAL  COST 


Rank 

Case 

No. 

Guardrail 
Type 

Total  Cost 

Case  State 
Cost 

Cumulative 
State  Cost 

1 

19 

G2 

$3151 

$2017 

$2017 

2 

18 

G2 

3251 

2017 

4034 

3 

11 

G2 

3321 

2017 

6051 

4 

10 

G2 

3359 

2017 

8068 

5 

17 

G2 

3373 

2017 

10,085 

6 

9 

G2 

3398 

2017 

12,102 

7 

8 

G2 

3436 

2017 

14,119 

8 

7 

G2 

3467 

2017 

16,136 

9 

6 

G2 

3491 

2017 

18,153 

10 

16 

G2 

3512 

2017 

20,170 

11 

5 

G2 

3517 

2017 

22,187 

12 

12 

G2 

3765 

2017 

24,204 

13 

13 

G2 

3855 

2017 

26,221 

14 

20 

G2 

4280 

2017 

28,238 

15 

3 

G2 

4700 

2017 

30,255 

16 

14 

G2 

4959 

2017 

32,272 

17 

4 

G2 

5911 

2017 

34,289 

18 

1 

C 

6955 

2342 

36,631 

19 

15 

C 

7251 

2342 

38,973 

20 

2 

Thrie 

10,937 

3592 

42,565 

TABLE  9.  PRIORITIES  BY  BENEFIT/COST  RATIO 


Rank 

Case 

Guardrail 

Benefit/Cost 

Case  State 

Cumulative 

No. 

Type 

Ratio 

Cost 

State  Cost 

1 

2 

C 

8.36 

$2342 

$    2342 

2 

5 

G2 

5.36 

2017 

4359 

3 

20 

G2 

4.93 

2017 

6376 

4 

3 

G2 

4.77 

2017 

8393 

5 

6 

G2 

4.56 

2017 

10,410 

6 

12 

Gl 

4.28 

1392 

11,802 

7 

7 

G2 

4.22 

2017 

13,819 

8 

4 

G2 

4.17 

2017 

15,836 

9 

1 

C 

4.10 

2342 

18,178 

10 

8 

G2 

3.90 

2017 

20,195 

11 

16 

G2 

3.86 

2017 

22,212 

12 

9 

G2 

3.62 

2017 

24,229 

13 

13 

G2 

3.48 

2017 

26,246 

14 

10 

G2 

3.36 

2017 

28,263 

15 

17 

G2 

3.31 

2017 

30,280 

16 

11 

G2 

3.12 

2017 

32,297 

17 

14 

G2 

2.94 

2017 

34,314 

18 

18 

G2 

2.85 

2017 

36,331 

19 

19 

G2 

2.46 

2017 

38,348 

20 

15 

C 

1.69 

2342 

40,690 
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VII.  COMPUTER  PROGRAM  DESCRIPTIONS 
SSCOST  Program 

The  SSCOST  program  computes  the  state  and  societal  costs  for  a  specified  guardrail  type  and 
roadway  conditions.  Program  details  are  described  in  Appendix  D.  This  section  discusses  program 
inputs  and  shows  typical  outputs. 

Figure  5  is  a  worksheet  that  can  be  used  to  prepare  SSCOST  input.  Figure  6  illustrates  how  the 
sets  of  input  cards  can  be  stacked  for  multiple  runs.  Set  1  corresponds  to  the  data  in  the  Figure  5 
worksheet.  The  input  values  are  entered  as  follows: 

Card  1  (Format  10A8) 

Columns  1-80.       Enter  appropriate  title. 

Card 2  (Format  8F  10.0) 

Columns  1-10.       Enter  highway  type.  Use 
2.0  =  2-lane  rural  road 
3.0  =  3-lane  rural  road 
4.0  =  4-lane  rural  road 
5.0  =  4-lane  freeway 
6.0  =  6-lane  freeway 
7.0  =  8-lane  freeway 
Columns  11-20.     Enter  guardrail  type.  Use 
1.0  =  Type  A 
2.0  =  Type  B 
3.0  =  Type  C 
4.0  =  Type  D 
5.0  =  Type  E 
6.0  =  Typed 
7.0=  Type  G2 
8.0  =  Type  G3 
9.0  =  Type  G4S 
10.0  =  Type  G4W 
11.0  =  Type  THRIE 
Columns  21-30.     Enter  guardrail  length  of  need  in  feet  (see  Section  IV). 
Columns  31-40.     Enter  AADT. 

Columns  41-50.     Enter  fraction  of  traffic  for  2250-lb  vehicles. 
Columns  51-60.     Enter  fraction  of  traffic  for  4500-lb  vehicles. 
Columns  61-70.     Enter  highway  division.  Use 
0.0  =  undivided  highway 
1 .0  =  divided  highway 
Columns  71-80.     Enter  FHWA  region  number. 

Card 3  (Format  5F  10.0) 

Columns  1-10.       Enter  left  offset  distance  in  feet  (see  Figure  7). 
Columns  1 1-20.     Enter  right  offset  distance  in  feet  (see  Figure  7). 
Columns  21-30.     Enter  degree  of  horizontal  curve.  Use 

+  =  curves  bending  to  left 

-  =  curves  bending  to  right 
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FIGURE  6.  SSCOST  INPUT  DECK 
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LEFT    OFFSET    DISTANCE 

(Distance    from   guardrail 
to  center  of  most  distant 
lane) 


RIGHT    OFFSET     DISTANCE 


(Distance  from    guardrail 
to   center  of  nearest  lane) 


FIGURE  7.  OFFSET  DISTANCE  DEFINITIONS 


29 


Columns  31-40.     Enter    distance    from    guardrail    face    to    obstacle    in   feet   for   fixed 

obstacles.  If  guardrail  protects  an  embankment,  enter  0.0. 
Columns  41-50.     Enter  obstacle  exposure  length  in  feet  (see  Section  IV). 

Card 4  (Format  2F  10.0) 

Columns  1-10.       Enter  time  to  remove  damaged  vehicle  in  hours. 
Columns  1 1-20.     Enter  time  to  repair  damaged  guardrail  in  hours. 

Card 5  (Format  8F  10.0) 

Columns  1-10.       Enter  cost  of  injury  in  dollars. 

Columns  1 1-20.     Enter  cost  of  fatality  in  dollars. 

Columns  21-30.  Enter  cost  of  guardrail  installation  in  dollars  per  foot.  Include  costs  of 
end  anchors  and  terminals.  For  example,  if  the  guardrail  system  (500  ft 
required)  costs  $5.00  per  ft,  end  anchors  (2  required)  cost  $200  each, 
and  terminal  sections  (2  required)  cost  $400  each,  enter 

500(5.00)  +200(2)  +400(2) 

=  $7.40  per  ft 

500 

Columns  31-40.  Enter  cost  of  guardrail  repair  in  dollars  per  ft. 

Columns  41-50.  Enter  cost  of  guardrail  maintenance  in  dollars  per  ft  per  year. 

Columns  51-60.  Enter  cost  of  2250-lb  vehicle  in  dollars. 

Columns  61-70.  Enter  cost  of  4500-lb  vehicle  in  dollars. 

Columns  71-80.  Enter  unit  cost  of  travel  delay  in  dollars  per  hour  per  vehicle. 

Card  6  (Format  4F  10.0) 

Columns  1-10.       Enter  service  life  in  years. 

Columns  1 1-20.     Enter  current  interest  rate  in  percent. 

Columns  21-30.     Enter  estimate  of  total  salvage  value  at  end  of  service  life  in  dollars. 

Columns  31-40.     Enter  print  flag.  Use 

0.0  for  complete  6-page  output  (see  below) 

1.0  for  printout  of  only  "Sheet  6.  Cost  Summary"  (see  below) 

Output  sheets  for  the  two  sets  of  Figure  6  input  data  are  shown  in  Figures  8  and  9,  respec- 
tively. With  a  print  flag  of  0.0  in  Columns  31-40  of  Card  6,  the  output  for  Set  1  includes  the  six 
sheets  shown  in  Figure  8.  If  all  of  this  information  is  not  desired,  a  print  flag  of  1 .0  (see  Set  2)  will 
yield  only  the  cost  summary  sheet  shown  in  Figure  9. 

COCOST  Program 

The  COCOST  program  computes  the  associated  costs  and  ranks  the  eleven  guardrail  types  of 
Table  1  for  specified  roadway  conditions.  The  ranking  criteria  include  state  cost,  societal  cost,  total 
cost,  and  benefit-to-cost  ratio.  Program  details  are  described  in  Appendix  E.  This  section  discusses 
program  inputs  and  shows  typical  outputs. 

Figure  10  is  a  worksheet  that  can  be  used  to  prepare  COCOST  input.  Figure  1 1  illustrates  how 
the  sets  of  input  cards  can  be  stacked  for  multiple  runs.  Set  1  corresponds  to  the  data  in  the  Figure 
1 0  worksheet.  The  input  values  are  entered  as  follows: 

Card  1  (Format  10A8) 

Columns  1-80.       Enter  appropriate  title. 

30 


!  i  I 


p  I 


I  I 


I  I 


i    i 


I    I 


i    I 


1    I    ' 

I      ! 
!  I 


i  I 


i 


I    ! 


!■!  !  i  ! 


x  >-  >-  > 

uj  <  <  < 

X    _l   _1    _l   1    I    2E 

jc   <   <    a   lu  uj  Ul 

a:  or  a  uj  uj  uj 
»  3  3  o  x  ac  x 

ruza  kilu.il 

UJ  UJ  UJ  UJ  UJ  UJ 

II    Z   2    z    Z    Z   Z 


II  II  II  II  II  II 


!  !  i 


III 

i  I 


I    !    I 

i  I 
I  I 

I  I 
I     ! 

i  '  i 


!     I 
!    I 

!! 


!    I 


z  Z' 
UJ  UJ 
CJ  u 

ac  ac 

UJ  UJ 

a.  a. 


I  I 
uj  uj 

>  > 

m  m 
x  _i  _J 
>-•  I    I 

zoo 
l/l  o 


I  I 


I 


I 


«!     :     i 
J?      !     I 

•!  !  , 

z 

uj  in  m 

X   Kl   Jl 

I  m  O 

<_>    O    -H 


UJ  UJ  UJ 

_i  -J 

u.  l>  u 

o  >-•  ►- 

Z  X 

a:  xi  uj 

uj  >  > 

<D 

E    *  CD 

3   _l  _» 

Z     I  I 

o  o 

o  in  o 

uj  nj  ui 


I    '     I 


i  I  I  m 


i  i 


i  ! 


!  ]  j  I 

ill! 
i  i 

ill! 


!  u 

i     ac 

1  is: 


r 

CO     «K 
Z    -4 

'o 


I 


II 


1 


I  I 


!  i 


|  !  >| 

|Oi    •• 

i  T! 

i     '"!     ,— i 

I      I  I-  UJ 

i        u   UJ  UJ  UJ; 

.  UUJlLi 

-I  z  u. 

lfl«.      i    •! 
<  t-      •'  (VI 

:    x  «o '  *■  i«* 
■at  o       h 


3  UJ 


" 


O  UJ 

z  a.  uj 
o  >-  a. 


CO  0£ 

a 

-J  X 

►"<  «' 

<  3 
X  (9 
O 

X       I 

.3:  ! 
(J>. 


II 


ui   •; 
«j  o 

X         O  U  Z       i 

<«  <z< 

K   I  111  O  I-   <  I-,  »' 
Hindi*    J>-  33  u.  CO  ^  to       I 

fiuQ'uoooo'j  mco*-<uj 

in  o  c  h  a  >; 

UJUJiiiuiujujujuJuJ'->xi   I   a       X' 

CLxxxxxaaaxuio      K3 

>->>->->>>->->-IZl-l-UJU 
»—  ^f-H-^l—  H->-l—  L-|      I    UJ  to 

U.  _»  CO  u.  u. 
II    II    II    II    II    II    II    II    u    u  o  **  u.  u.  o 

I  «  u.  o 

nimj-uijiKxrc-iiita       ui 
-h  -*t-  a      i-  ui 
is  x  I-  x  x 

Z   ■<  U.  13  (9 

111  O  UJ  H  UJ 

JO  JIQ 


I 


I      i 


I      I 


Jill 


31 


I     !     i 


I     I 


I     i 


I     I 


:  i  ! 


1  !   I 
I    i    I 


I    ! 


I   ! 


II 

III 

i    !    I 


i   ! 


I   I 


!   I 


!  I 


!    i 


I   I 


!    i 
I    ! 


1  !  I- 

I    !    ! 


!    I 


I    i 


!    i 


i    i 


!    I   i 


!   I 


i   ; 


CO 


LU 
I 
CO 

H 

Z> 

Q. 

I- 

D 
O 

H 

LU 
CO 

h- 

co 
O 
O 

CO 
CO 

CO 
UJ 

cc 
o 


1 1 1  i 


'   j    I 


!    I 


Mill 


a 


H-  J 


I       ) 


n 


i  : 


i!< 


;     I     !     I 


!     ! 

i     I 


!    I 


!    i 


!    i 


«««««««« 


I    I. 


^  > 

nl-  OC. 

»-  X  3 

U.  O  <_> 

uj  -> 

-j  or  u_ 


I 


»  ►-   >-  UJ  « 

«  UJ   UJ  UJ  « 

«  .n  «>  or  « 

«  U.   U.  IS  « 

«  U.  li.  UJ  « 

«  I  e  O,  p  «; 

«  «  «   «  «  «   «,  « 


!    !    I 


ii! 


i  i  > 

!    i    > 


I    i 


'    i 
i  i 


i  i 


UJ 

J 
u 

z 

UJ 


10 

o 

t- 

o 

W  l/> 

« 

#• 

a. 

z 

»* 

, 

U.  0) 

O  UJ 

, 

«J 

• 

<J 

a 

*-l 

Z  z 

UJ 

> 

j:  i 


a:  U. 

<  UJ 
CD  _J 
O  w 

?:  i 


u* 

'on 

iZ   UJ 
!  «  hj 

at 
'»-  is, 

uu 

;■*  a 


I    i    I 


UJ  z 

uj  a. 
a.  r 


i    i 


lM. 


jt>  • 

■i  z 

CO  US 

<  —1 

CDS 
O  w 

;£■   i   i   j 


i   i 


i   i 


!    i 


I   ! 


i   > 


j 

o 

lml 


!    i 

i    : 


!    I 


!     I 


I     I 


o      p' 

,"»  1*1 
Mil 


'  i  i 


l    ;    ; 

I    )    i 


"H 

er 

j 

© 

00 

^ 

p- 

s 

t-  z 

* 

o 

u_  (9 

c 

e 

UJ  M 

1 

• 
i 

_jee 

z  r 
o  o1 

(A  CO 

UJ  UJ 
UJ  Ul 

a  ce 
19  ur 

UJ  UJ 

o  o 

-« 

ru 

-•  «w 

ru 

er 

•    # 

o- 

er 

»   X 

-a 

m 

»,  n> 

O 

e 

1 

■ 
;     i 

I  l 
■  i 

i   i 
,  1 

ii 
ii 

UJ,  UJ 
IJ;  -Ii 
IS  19' 

*  * 

H-l 

'o  Ul 

«  « 

.0.-0. 
:X  x! 
jMjM 

1    I    1 

UJ   UJ; 

f 

■ 

-»_! 

IT 

e 

t-i   t-* 

fU 

i 
1 

i«  2, 

UJ  UJ 

o  u' 

a  ce 
UJ  u> 

!  u>  u* 

I  er.  «r. 

i  ! 


32 


i  i 


IV 


!    i    i 


!    I 


I    i 


l 


In 


■  m 


o 
e      -i 

e      -4 


o 


I  '  i 


I  i 


I  i 


! !  i 


i  , 


Z  Z 
O   C 

c/>  a> 
UJ  ui 
Ul  UJ 

er  or 
19  us 
Ul  Ul 

o  o 
I 

X    CO 

er  r> 

•    • 

a  a 

UJ  UJ 

-J  -I 

li  o 

z-z 

'    I 

;»-<i- 

!  u  u 

<  < 

a.  q. 

x  Zl 


I  I 


UJ  UJ 


Z  Z 

;  uj  ui 
u  u 

ice  ce 

UIUI 

'"' 

i  in  J 
cr  er 


I    i 


I    i 


!    I    <    ' 

■    i    . 


I     ! 


II 

I   i   i   i   ! 


1 4- 1  i 

I  i  i 


e      o 

r*       1^ 

I     i     i 


Nil:  ii 
I  ! !  I 


■  , 


!     ! 


-»  e 

a  a 

a  o 

a  a 


Ul  Ul 

Ul  Ul 

ce  ce 

J  19) 
Ui  Ul 

O  Q 


0     ■ 
Ul  UJ 

-I  -I 

»  19 

z  z 

<  < 


u  u 
ce  ce 

Ul  Ul 

a.  o. 


I    I    I 


I  ! 


!  I  !  I  M    I  l  I  !  I 


c 
o 

to 


UJ 

x 

00 

1- 

0. 

I- 

O 

LU 
CO 

I- 

00 

o 
o 

00 
00 

CO 

UJ 

ut 

D 

a 


UJ 
Q. 


U/-»l 
—  *~  I 
X  u. 

«  wt 
2'  I 
>•  Z 
Q  O 

x  h- 

3  U 
X  UJ. 

:•-•  -I: 
x  u. 

<   UJ 


1    !    ! 
ui  z 

UJ  0. 

o.  x 


I 


I 


!    ! 


o> 

X  X 

UI 

UI   < 

_l 

>  o 

H- 

u 

i      1 

(.■> 

l-l 

1 

o 

xl    i 

i   i 

<_> 

UJ         | 

1 

>- 

ill 

1- 

co 

'r^l 

t— ( 

-  _l 

D-i 

_l 

1 

_l  u. 

< 

a 

*-J    W 

t- 

UI 

< 

-« 

ru 

Ct  UJ 

u. 

ru 

or  < 

3 

OE 

■a  x 

o 

o 

3  < 

-1 

u. 

19  o 

~ 

CO 

o  < 

< 

z  >- 

CE 

►- 

< 

O 

z 

i     !•*-!     1 

CE 

UI 

'       - 

« 

a 

; 

3 

»-* 

O 

CJ)I      . 

i    M 

« 

«j 

Mil 

o 

J    : 

0>        1 

o 

>- 

U.  UI 

D 

-I 

o  >-< 

« 

ae 

CE 

in 

« 

•  3 

UI 

o  -> 

H 

>- 

2  X 

1— 

«. 

Q 

«•>. 

« 

i 

'■    i    !    i    ' 

■« 

t-     ! 

UJ'     1     -     1 

ui 

_l  <-N 

v 

hi 

o  «o 

O 

X 

Z  UJ 

•< 

CO 

<  UI 

o 

CE 

CE 

1-  <J>       i 

u  ui 

UJ 

1 

<  o     i 

2 

1  , 

0.  w 

i  ! 


-*        -•       cr 


I    ! 


I  ! 


MM 


i! 

I   ! 


!!i  MM 

i   ;  i 


1 1 1 


1 1 

!  ! 


I  i 


i  i 

i  : 
i  ! 


i  i 


i 


i    ! 


I    ! 


ill 


I  ! 


i  i  i 


ol 
o 


I   I 


ill! 


I     I     ! 


! 


!    !        ! 

II! 


33 


!  I  i 
!   ;** 


!    I 


i    i 

•> 

uV 


lift! 


i  ! 


■o 

!  •! 


O; 


o       o       c 


•  •       :     •       I     • 


I       I 


I     ! 


I    I 


hi! 

i  HI! 


I  ! 


I 


i  i 


»-   i 


l   ! 


i  I 


1  I  i 
i  I  i 


!  ! 


in 

Mil 


I     ! 


!    i    I    I 
"!   I   I   j    | 

i   i 


i   I   ! 
I   i   i 


I     I     ! 

-i   l||! 
i    i   i    i   i    i   i 


!    !    I 


i    i 

i      ; 


!    i 


!  i  i 


i  i  ■ 


I     !     i 


ill! 

I    ;    i    ! 

I  |  |  ! 
Mil 

;      i      !      : 

i    i    j    I 

!,!  I  i 


!    '    ! 


I    I 


c 
o 
o 

CO 

r- 

LU 
LU 
I 
CO 

r- 
r) 

a. 

\- 

O 


LU 
CO 

t- 

co 
O 

a 

CO 
CO 

CO 
LU 

cc 

Z) 


UJ 


•Hi 

n 


UJ 

a. 


Si  i 


i  i 


!    I    ' 


ISC 

OO 


3    <_> 

X  UJ 


I       I       -M., 


UJ 
-J  UJ 

►h   < 

x  r 

UJ  < 

>,o, 
i 


ec  uj 
o  u> 
a  < 


li'UJ 

.'5! 

JO'T 


UJ,      , 

-» :*> 

is  eo 

2  UJ 
«  UJ 

.11 


UJ  X 

UJ  Q. 

Q.X 


in      |«r 


I     I 


j 


-H  —I  © 


o 


a 
lo 

'O 

o 


-H  -4  O 


I  I 


Ml 


I  ! 

je;    |o 


I    ! 


I 


I  ! 


i 


i  I  i  i 


O      '  o 

-«      o 


n 


I  j 


lo 

■  o     •  I*-'  ;  x 

!o      er  i  i»»i 

C         -1  o 

jo     i  o  I  o' 
i  1 


ui      I  o 
ru     Im 


q    |Q 
I  m:    I  mi 


in       o     ;  er, 

er        ru     I  o 
:  -i      m       a 


lq 


<     I 


!    i    ! 


!    I      £ 


!=■ 


J       J 

in    |  a 

H    I  ■v    I  mi 


i  o      c 

(IV        !  r> 


s 


I? 

° 


1   !   !   I   !   • 


34 


i  i 


I  !  ! 

i 


m 


i 


I  i 


|    i 


i  i 


!! 


i   i 


i    ! 


I    i 


!    i 


i 


!        I 
I    !    ! 


•  i 


;  i  i 


i  i 


!    I 


c 
o 
o 

CO 


I 

CO 

I- 

D 
a. 

I- 
D 

o 


LLI 
CO 

I- 

co 

o 
o 

CO 
CO 

00 

UJ 

or 
D 
O 


o 


3 
o 


I    ! 
I    i 


!    ! 


.    I 


l    : 


MM 


>  l 


I II  ill  I 

III      I  :   ! 
i  i 


!     i 


I     I    i 


i    I 


I 


I    I 


I     l 


E      I  i 


1     ! 
I     I 

I     I 


I     I 


I     I     I 


i    1 


i    ; 


i  ■ 

CO  'eo 

a  a. 

3  3 

o  o 

X  X 


!     ! 


I    i 

i  ! 

I    ! 


o>  «o 

or  a 

3  3 

O  O 

X  X 


Ul 

UJ 

o 

o 

o 

o 

UJ 

UJ 

«  M  1-4 


!  I 


I  I 


!  i  i 


t'HI 

III 

!    I    '    i 


I     ! 


i     I 


I     i 


I     i 


I     I     i 


<n 

CE 

3 
O 


•-« 

UJ 

z 

< 

UJ 

< 

IS 

o 

-1 

_l 

CE 

< 

*f 

UJ 

(J 

O 

se 

;»- 

o 

l-» 

or 

o 

<n 

X 

< 

o 

UJ 

u 

UJ 

■3 

-J 

o 

w 

» 

(9 

<n 

z 
o 

u. 

u. 

o 

o 

►- 

u 

4 

UJ 

Ul 

z 

X 

<J 

o 

UJ 

<s 

>- 

« 

« 

a 

1— « 

r 

X 

*-« 

< 

'J 

•a 

< 

u 

a. 

< 

a 

o 

u 

•  UJ 

t- 

« 

a: 

o 

w 

or 

H- 

> 

« 

>• 

>-' 

o 

< 

CD 

<o 

j 

X 

a. 

UJ 

UJ 

a 

o 

1 

or 

ec 

UJ 

Ul 

I 

I   I 


i  I 


i    i    ; 

i       o>: 

>■  co 
«  <r 

_l  3 

uj  o 

o  x 

i 

<_)  Ul 

•-I  _J 

u.  o 

U.    M 

«  X 
CE  UJ 

»-  > 

i 


-I  *T 

«  (J 

CD  O 
•a  _J 
CD  CD 
C 

ae  u. 
a.  o, 


•  x 

o  « 

z 
o 


3  UJ 

t-  a 
ui 

UJ 
(9  to 


CE 
»-  l» 
U  UJ 

«  o 

-~  I 


i  I 


I    I    I 

III 


!      I 


I    •   ! 


J)  -I  CD  O 

1/1  H  J     CO 

O  r»  »  -< 

o  o  a  o 


I     I     ! 
UJ  T 

uj  a 
a.  x 

CO  w 


<V   (V  CO  #■ 

m  r«  -<  -< 
•    •    *    • 


!    I 

■    i    -    i    i 

Of    -H  CD 
-d  cr  »•  m 

O  O  or  » 

o  -<  c  o 

o  o  o  o 

•     •     •     • 


•     •     •    • 

M/imo 

HIVKI 


If  I 


I 


MM 


i   I 


i  ! 


Ill 


I  I 


i     i 
I     I     I 


i     i 


II 


Mi 


!   i 

li 
i   I 


m  m  i/i  m 

r  j}ma 
o.auia 
r*  r*  rv  a 
o  -4  a  o 
•  •  •  • 
,     i 


I     '     i 


i    I    ! 


!  i 


ru  ni  oo  +'■ 

mniH-4 

•    •    •    • 


I    i 


!     :  '     I 

i/i  (ti  so  H 

r«.  jo  »  o 

o  ru  o  o 

C3   O  S  O 


•     •     •     • 

<mhi/io 
•*  nt.ii 


ill  Ml 


I    ! 


I    I    ! 
ill: 


|  i   i 


-»'!%  ru  o:     , 

KIIUH2        ' 

C'JICC 

o  o  a  s 


I 


ru  ru  cd  s- 
m  ru  -*  -< 

!    •     ■.    •■    • 


I    ! 

i  I 
I  ! 
i    I 


I    I 
*■■»  -i  o: 

s-  ui  ru  o 
O  00  o  o 

— «  o  o  c 

O    C    O    Oi 


=  °J 


!      i 


!   I   I 


!  ! 


Mil 
III 


!    ! 


I    ! 


I    I 


MM 


i  i  ; 


i  i 


li 


!    ! 


i-l    i    j    I 


i  : 


I     £: 


x! 

a. 


I     i 


!    I    I 


!      ; 


I  I 


I    I 


■■*    !    ! 


I    i 


I    I    ! 


i< 


z 


i    !    i 
1    !    i 


i    I    I 


MM 

Ml 


j  i  ' 


!    ! 


Mii 


M    I     !    i 


35 


!.  i    i    I    I    i    I 


i    i    i 


I-    ! 


j    I 


!  i 


i  i 


Ml  I 

I  I  i  I 
1 

i  i  ] 

hi 

i  i  ' 


I  S 

I  § 

I  ~ 

i  UJ 

I  U-1 

!  X 

i  w 

r- 

!  D 

1  0. 

!  r- 

D 

!  o 


UJ 
CO 

h- 
co 
O 
CJ 

CO 
CO 

CO 
UJ 

rr 


•    I    I 


! 


I    ! 


x 
n 

3: 

(O 

I 

1-1 
CO 

o 


r  i 


I     i     ! 


I     i 


!    I 


IT 


I    ! 


I   ! 


MM 


i    l    !    MS 


i » 


o      i— 

o      ,  < 


O  '  -I 

a  !_j 

I  ig 

°  .1 


05  iw-  ■*! 

t-  '»-  ! 

—  '•*  0) 

Z  |Z  X 

'3i  Pi  !g; 

io  I  -»  :  I: 

or  m  I 

a-  J>  UI 


ru 

1    j 

! 

11/ 

'  <ao. 

o 

'ui 

1  » 

!  ii 

■>■ 

O 

,o 

«■ 

i     I 

|l> 

1   . 

in 

'id 

!uj 

'  m 

1 

m 

19 

u 

'  #H 

'  -1 

-* 

« 

•  < 

rv 

'  < 

II 

• 

r 

I 

J5 

►- 

I 
!  i 


IS      I"!  ! 


o 

Q 


,11 

Mi 

'    i 


IUI 
UI 


!    I 
I    ; 


■  o' 


iUJ 


I  in.     | 


IS 


i  a 


ui. 
u.. 


»", 


!     I 


!    I 


IH    M    I 


CO 


.       Zl      i 
I     i"!     ! 

*;  i 


i 


;1  , 

!    i 
►-  ru  in 

«:  ui  er 

-<  in 

ui  m  m 

u.    •    • 

i3  ii 

II    u 


l-l 

1 1- 

> 

«    ft-l 

X 

J3 

U) 

-1  Z 

lO 

o  z 

a  <: 

ct 

. 

< 

ui  >- 

LU 

a:  -i 

>- 

Z3  <r 

1 

i—  < 

ft 

3  UI 

m 

UL|>| 

u  u. 

or 

o  o 

3 

u. 

UI   UI 

3  3 

la 

I  Si 

* 

I  Si 


ft- 
<n 
o 
t-> 

r 

h- 
CE 

o 
z 

ft- 

• 

m 
ru 

m 

a- 
in 

CO 

! 
1 

i 

i 

i 
i 

i 

ru 

ru 
i 

• 
« 

« 

— 

O 
-D 

CO 

-ft 

!    i 


j    j 

i  ! 


co 
o 


!  « 


UI       !  00 

I-       o 


u.     I  • 


!  * 

I  * 


««««««««««««««««.« 


: 


I       I 


* 


I    « 


ul 

UI 


i  I 


!    i 


!  « 


!     I 


MM* 


i    I  * 


i  or 

■  o 
1  or 
i  ■< 

1^ 
.  O 

z 


!  «. 
i  « 


c 
o 
(J 


LU 

LU 

X 
CO 

r- 
D 
0- 
H 
D 
O 


LU 

00 


« 

i- 

« 

00 

«. 

O 

« 

() 

00 

« 

00 

* 

s 

00 

« 

LU 

« 

cc 

3 

: 

d 

* 

II 

l-l 

(-t 

L5 

o 

<J 

or 

-J 

•< 

■-* 

•-I 

>- 

3 

••X 

X 

X 

X 

< 

-> 

ft- 

4 

UI 

UI 

-j 

■z 

< 

o 

> 

> 

UI 

i-i 

u. 

o 

or 

CO 

,00 

u 

u. 

UI 

_l 

_l 

J 

o 

o 

►-I 

1 

1 

UI 

or 

o 

.  o 

>l 

« 

• 

or 

in 

c 

« 

o 

o 

< 

ru 

in 

z 

j  I 


3 


< 

to 


I      I 

36 


«  z  z 

U.    UI   UI 

00  W 

(J  UI  UI 

«  our 
x  a.  a. 


J    ! 
IS    I 


CO 

o 
u 


ft-      ft-<    I 


UI 

ftH  ,   UI 

o  ;  z 

o  ui 


1  15 


««««  ««  ««««««  «« 


I  i  ! 


i  i 


33 

i 

i 
1 

j 
1 
1 

« 

i 

1 
i      ! 

!    i 
!   I 


■< 

<r 
o 

IX 

< 

3 
IS 


OJ 
O 

u      I 


in 
o 
o 


1    !    I 


I    I 


I    ! 


UJ 

a. 


i    I 


i    i    >» 


<r 

o 

at1 


(i 

n 
tu 

a 

3 


05 

UJ 


II, 

>X 
o 


O        K 


*  M 

a  •+ 

e  o 

I  •'•  ;   « 

i  i     ' 

'  II  I  HI 

UJ  UJ 

(A  19' 

<  « 

z  r 

«  « 

o  o 
i 

UJ  Ul 

-I  -I 

U  U 

**  »■* 

X  X 

UJ  UJ 

>  > 


05 


CO 

.ac 
3 

!?: 

I  ! 

UJ 

-I 
u 


•1      I 
a      o 

CC  Ul 


I  I  I 


I  I 


o 

« 

n> 

z 

1 

1 
1 

1 1 

1  I 

CD 

! 

i 

(V 

I     • 

:  i 

i  ! 
i  i 

i 

i  i 
1  !  ! 

I  UJ 

o  > 

o  < 

l/l  iGC 

*■  *- 

i  I      ' 


'      '      i 


I    ! 


I    ! 


M. 

O 

o 


u 
o 


< 

■o 


i    I 


ni 


is: 

<n 

IOC' 


UJ 
UJ 


iOl 

!ifl 


I  !   ■?' 


UJ 


o 


UJ 
UJ 

u. 


'•-■  I 


*       -, 


.1     ! 


Ill-1 

Oil      1      | 


i-iMin 
«  m  or 

UJ  fi   1/1 

to.    •    • 

;►*'       on 
:_l 

;  u  m  i 

■  Ul! 

u     !>■: 
►<  Dc  i- 

>    «    ►"! 

or  _j=> 
uj  _i  z1 
05  oz 
a  ■* 
ac  ' 

<  uj  >- 

UJ  *   -J 

>-  3  ac; 

•     •»-.<! 

.3  UJ 
l/l  U.   >- 


too 
o 

U.  Ul  UJ 

33 

09    _l  _l 

or  <  < 
o  »  > 

O  »-  H- 

«  z  z 

to.  uj  uj 

o>  co 

o  uj  uj 

Htt 
111. 

o 
>z 
o 

Ul 


:>«!< 


:i«|< 


I      |« 

1  :! 

If! 


!* 

» 

|* 

lO 

« 

|Ol 

« 

1 

;« 
• 

R 

«  , 

»]  I* 

:     « I 

i   121 


I  •; 


i  i 


i  j 


i: 

i« 


« 


a:1 


I   !   ! 


I: 

i: 


i« 


_j 

'Ul 

a 


,»-;  Z 

Ul  Ul 

►h  a 

U  M 

o  <J 

05  U 


s1 

.« « 


;«  «  « 


00 


I    !     ! 


I    I 


(«■' 


o 
o 
I 

o 


<  ul 

t-  z 

O  UJ 

K  03 


««««*««    «    «    «    «    ♦    ♦ 


!  «. 


J9  00 


I       I 


i  i?! 


* 
iJ- 


5 

isi 


MM 


i  «. 


«. 
I«i 

«' 


!  ;  i 


05 

x.  z 

I-  o 

Z  i-l 

Ul  t- 

X  < 

Z  _J 

0C  -J 

Ul  « 

>  H- 

o  05 

19  Z 


3=    :  ' 


Ul       o 

19        t- 


10 


Z  05 

<-l  OS 

.<  Ul 

X  -I 


3 

e 


UJ 

I 

CO 

r- 

Q. 

r- 

o 

CM 


CO 

fe 

O 
(_> 

C5 

UJ 

tr 


is1 

l«! 


I«. 


i*: 


>- 

UJ 

u. 

i-i 

Ul 

(-> 

Z 

o 

Ul 

U5 

03 

Mill 


i 


'!! 


37 


fet 


-btr 


H 


£  N 


E      ~ 


*S 


1)    U    V    D 
00  60  oo  GO 

c  c  c  c 


C    B    C    C    C 

E  E  E  £  E 

3  3  3  —  3 

0    O    0    C    0 


u    aj    o    Oj    ') 

=  c  c  c  c 
U2  U]  U3  UJ  U 


O 


O   u  « 

U.  «  <tf- 


c  s  2 

§*£ 

—  u  ™ 
o  C  O 
n  t:  « 

.•-  2  «" 

u.   Z.  n 


o  o 


CO 


o  o 


o  u 


C  Q 


ou 


C  CQ 


D     50 


o  < 


—     &0 


C  f_ 


3  ao 


o  o 


3    = 


W     1= 

3  t! 


«  eg 
a  s 
u  so- 


E  E. 

CO 

H-o 


t  11 


E  E 


fc 


0 


N 


Ml 


En 


c  ^ 

H  -5 


so  £ 
Q  3 


o   u 


© 

©' 

Ik 

!  Ql 


to  o 


I- 

m 

1X1 

I 
to 

cc 
o 

I- 

D 
a. 

2 

l- 
co 
O 
u 
O 
u 


Z> 


38 


^rnrnr 


400.0 


To  oo.  o 


ITT 


CARD   4 


II       I    IMIII       I     MIMI  I     MM     I     MMMMOMMMIMMIMMMMMMMMMMOM 

I  I  n  ii  u  i)  h  it  n  ii  u  u n it  n  n  »  n  a  inin»iiauiiiiMii»iniiuu«ia<miia)inuti»iiiii(>nniuuii  u  >imami)in  h  n  n  ir  n 


-o- 


£4.0 


12.0 


0.0 


4.0 


^ 


CARD  3 


in   itiini   i   iiiiiiiiii    iigiinii   iiiitifoliiiiiiiaiviiggonti   iiiiiiiiniiii 

i   j   i  t  i  I   i   I  »  ii  n  it  ii  ii  n  i|  ir  imi  ti  ii  r  [I  N  n  ft  ■'  H  i  ■  ii  u  n  M  n  a  u  ■  n  mm  ii  mmi  mi  u  ii  u  u  «  u  «  n  M  a  mi  o  on  B  B  im  «  i  ii  iio  «  n  i  ii  ii  ™ 


1024b  0.0      3200.0 


5300.0 


CARD  2d 


I     Mill     III     I     MM  .  .1     II  III  I       liMMMMMMMMMMMMMMOMMOMMMIM 


i  n  ii  n  ii  i  ii  ii  ii  v  »  n  i'  a  n  «  ii  ti  <;  u  a  «  ii  •  n  v  ii  u  u  u  u  h  ii  ^4  u  u  i*  u  u  •<  d  it  ii  n  o  ii  ihmi  i 


l 


CARD  2 


i  *  »i  i  n  n 


M  M  M  I  M  II II II I  M  M  M  M  I  M  M  M  M  I II I  M  II II  M  I  M  M  M  M  M  M  M  I  M  M  M  M  M  M  I  0  M       I 

'-  --  ii  n  ii  t?  ji  n  n  n  ii  :i  ,i  a  mi  d  u  »  n  ii  u  a  u  ii  u  n  «  a  •  ii  u  n  tt  u  u  u  h  n  m  m  u  n  h  ii  g  n  k  n  mm  u  n  n  i)  »  n  n  it  n  'l  n  a         i'  '  ' 

A" 


2-L«!iE  RURPL  RDhIi.  HHBT  =  5<  00u,  I  =  Jbi500  PMH   F  =  $102>4b0 


CARD 


mini 

1 1 1  •  1 1 1 
i  in  .i  i 

l  linn 

in  in 

4414144 
15155.. 
•  ■■CI  ii 

71117  II 
!  llllllll 

*  IIIIII9J 

.      i  i  i  .  i  i  i/ 


5  00.0 


400.  0 


5000. 0 


0.0 


11.11g11111.a011.ini giniiiSiSSggiisoigggi.s.oi.iiiiggggggggggggggi 

i  i  4  1 1  mi  m  ii  n  ii  9  nnnn»nuni>aiiM)iuunu]iiianBi(iuu«l*n."««itf*iiniM  umiim«uiiii»iij«  iiMBminimnBini 
I  I  I  I  .  I  1  I  I 

mmn; 

31111.11 

44.(1444 


15  5 

16  e 


.',  'Li 


1  535  5  /  c 
III/ 


CARD  4 


^ 


II.  ,  I     OMIM. 

i  i  t  <  i  i  i  i  t  u  ii  ii  i 


T 


~oTo~ 


1 1  i  1 1 1 1 1 1  iL     i  \  1 1 1 1  ^  i   1 1 1 1 1 1 1 1 1 1 1 1 1 1  o  1 1 1  a  i  g  g  g  g  g  g  g  g  1 1 1 1  g  a  g  g  g  g  g  g  i  g  1 1 

i  ii  ii  '  i  »  ii  n  it  n  n  n  n  a  ii  n  n  »  ii  o  y  m  a  a  ii  »  a  «  ii  u  u  u  o  «■'  u  ii  u  ii  u  u  w  u  m  ii  »  h  ■  ii  o  u  u  u  u  nil  n  n  n  u  ii  n  n  ii  ii  ii 


£4  .  0 


12.0 


4.0 


6.0 


I  i  I 


CARD   3 


Ml     IMMM     I     IIMMIMI     IMMMM     M  ■  II I  fel  |M  M  1 0  M  I  \M  II  M  M  I     M  I  M  M  a  0  M  I  M  M 

"  "  '1  ii  n_ti  n  MM  n  n  u  n  ;i  iiippiiuiiiBaii'inMiHaiiiitaMii.iuiiaiiMiiHMiiuuMBiiiiiiuiinf.i.iiniii  i%  nm 

n 


^ 


/ 


CARD  2 


1 1 1 1 1 1 1 1 1 1  •  1 1  m  1 1  •  1 1  g  i  •  1 1  m  1 1  o  1 1 14  g  g  g  i  g  i  n  a  i  a  i  i  n  o  1 1  o  1 1  g  e  1 1  g  1 1 1 1 1 1 1 1 1 1  g  1 1 1 1 1 9  g 

I  t  I  i  1  I  I  I  I  g  ti  ii  ii  u  ii  ii  ii  i»  ii  ii  ii  I?  r,  m  ii  «  ii  ii  n  a  ii  u  u  »  ;i  ii  ii  ii  s  a  *i  o  ii  u  ii  i*  *i  ii  ii  it  ii  ii  ii  w  ;i  14  i'  u  '.i  'J  ii  u  u  m  u  Bin  u  u  it   '  ii  ii  ii  n  it  ;i  n 


2-LrtHE  RURhL  RCAI'i    AhI'T  =   5,000.    I    =  53,500  HKD  F  =  $33,100 


CARD 


mi  tn 

iijiiii 
1111   ii 

i  inn 

113.  133 
4444444 
15555.  . 
ill 1 1 1 1 

mini 
mini 

mini 

1 1 1 1 1 1 1 


ii.  niiiii 

I  I  IB  II  U  il  U  11  II  II 
till 


nn 

3331 
44.  4 
5555 

mi 

111! 

nn 

9     I 


,  1 1 1 1, 
ltim 

I.  1311 
444444 

mm 
nn'  i 

1 1 1  n  i 
nun 

191     99 


I   i 

1.1  II II 

I  I  I 
II I 

1.  3 
.  I  « 
555 
(Si 

I  I  I 

■     I 

III 

.1  ii  ti 


iii.  mi 1111111,121111111111111.  i. ,  iiiiiiiiiniii 

ii  ii  n  n  n  ii  ii  ii  n  ■  ii  u  um  n  m  ii  a  ii  «  ii  o  ii  «  o  o  ii  m  u  m   ii  y  n  ii  m  ii  a  u  u  u  u  d  m  u  u  ii  o  a  a  ii   ;  n  ii 
,    I  I  I  1  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  *  I  I  I  I  I  I  I  I  1  I  I .    I  I  I  I  I  I  1  I  1  I  I  I  I  I  I  I 

11121111111711711313131 

1     .lllll]lli:i333]ll 

(4(14441444444444444444 

smmsmmmmm 

ilMlllllilililiilliill 

1  nn  mi  11 1  inn  11 177 1 
nm   11   111   m   1   1   iiiiiiiiii   1   11   iiiiiiiiiiiniiii 

99139999999999     9  9  9  9  19  9  9  9  9  9  9  19  9  913  9  9  9  9  9  9  9  9  9  9  9  9  9  9  9  9  9  9  9  9  9 

II  II  U  H  II  .1  II  J  .1  V  II  U  n  U  U  K  11  U  U  H  11  U  11  u  n  U  II  II  .1  U  11  11  U  II  11  K  11  11  II  «  It  U  U  H  U  M  It  U  M  H  II  IT  II  H 


ami! 

ii  n  11  'i  n  h 
I  I  I  I  I  I 

111121 

mill 

444444 

mm 

686(5  6 

iimi 
mm 


S3 

i 
I  ( 

S5 

;s 
1  / 

IS 
19 


™J 


§9  3  919 

niii'ina     j 


FIGURE  11.  COCOST  INPUT  DECK 


39 


Card  2  (Format  515).  The  various  representative  costs  and  input  values  discussed  in  Section  V 
have  been  preset  in  the  COCOST  program.  These  values  are  shown  within  the  starred  lines  on  page  1 
of  the  computer  listing  in  Appendix  E.  For  changes  of  these  inputs  to  local  values,  the  user  can 
either  (1)  simply  change  the  preset  cards  or  (2)  insert  a  change  flag  on  Card  2.  For  the  first  option, 
use  a  blank  card  for  Card  2.  For  the  second  option,  use 

blank  card  for  no  changes  in  preset  input  values 
1  in  Column  5  for  changes  in  traffic  mix 

(requires  card  2a  below) 
1  in  Column  10  for  changes  in  guardrail  costs 

(requires  cards  2b  below) 
1  in  Column  1 5  for  changes  in  travel  delay 

(requires  card  2c  below) 
1  in  Column  20  for  changes  in  injury,  fatality,  or  vehicle  costs 

(requires  card  2d  below) 
1  in  Column  25  for  changes  in  service  life  or  interest  rate 

(requires  card  2e  below) 

These  changes  can  be  made  singly  or  in  combination  (e.g.,  1  in  Column  10  and  1  in  Column  15 
indicate  change  cards  2b  for  guardrail  costs  and  2c  for  travel  delay  will  follow). 

Card 2a  (Format  2F10.0).  Include  this  card  if  1  is  punched  in  Column  5  of  card  2. 
Columns  1-10.       Enter  fraction  of  traffic  for  2250-lb  vehicles. 
Columns  1 1  -20.     Enter  fraction  of  traffic  for  4500-lb  vehicles. 

Cards  2b  (Format  8F10.0).  Include  these  cards  if  1  is  punched  in  Column  10  of  Card  2. 

Columns  1-10,  11-20,  21-30,  31-40,  41-50,  51-60,  61-70,  71-80  (1st  card).  Enter  installa- 
tion costs  in  dollars  per  foot  for  guardrail  types  A,  B,  C,  D,  E,  G1,  G2,  G3,  respectively. 
Include  costs  of  end  anchors  and  terminals.  For  example,  if  a  guardrail  system  (500  feet 
required)  costs  $5.00  per  ft,  end  anchors  (2  required)  cost  $200  each,  and  terminal  sec- 
tions (2  required)  cost  $400  each,  enter 

500(5.00)  +  200(2)  +  400(2)     „,      n 

^bo =  $7-40  per  ft 

Columns  1-10,  11-20,  21-30  (2nd  card).  Enter  installation  costs  in  dollars  per  foot  for 
guardrail  types  G4S,  G4W,  Thrie,  respectively. 

Note:   Installation  costs  must  be  specified  for  each  of  the  11  guardrail  types.  If  a  state  does  not  use  certain  types,  high 
costs  (say,  $100  per  ft)  can  be  used  to  force  these  types  to  the  low  end  of  the  ranking  scale. 

Columns  31-40  (2nd  card).  Enter  yearly  maintenance  cost  for  the  guardrails  in  dollars  per 
foot. 

Note:  The  same  unit  maintenance  cost  is  used  for  all  of  the  guardrail  types. 

Columns  41-50  (2nd  card).  Enter  estimate  of  unit  salvage  value  in  dollars  per  foot. 

Note:  The  same  unit  salvage  value  is  used  for  all  of  the  guardrail  types. 

Card 2c  (Format  3F  10.0).  INclude  this  card  if  1  is  punched  in  Column  15  of  card  2. 
Columns  1-10.       Enter  time  to  remove  damaged  vehicle  in  hours. 
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Columns  1 1-20.     Enter  time  to  repair  damaged  guardrail  in  hours. 

Columns  21-30.     Enter  unit  cost  of  travel  delay  in  dollars  per  hour  per  vehicle. 

Card  2d  (Format  4F10.0).  Include  this  card  if  1  is  punched  in  Column  20  of  card  2. 
Columns  1-10.       Enter  cost  of  injury  in  dollars. 
Columns  1 1-20.     Enter  cost  of  fatality  in  dollars. 
Columns  21-30.     Enter  cost  of  2250-lb  vehicle  in  dollars. 
Columns  31-40.     Enter  cost  of  4500-lb  vehicle  in  dollars. 

Card 2e  (Format  2F10.0).  Include  this  card  if  1  is  punched  in  Column  25  of  card  2. 
Columns  1-10.       Enter  service  life  in  years. 
Columns  1 1-20.     Enter  current  interest  rate  in  percent. 

NOTE:  When  changes  are  desired  for  a  particular  group  of  data,  all  of  the  quantities  in  that  group  must  be  specified. 
For  example,  in  Set  2  of  Figure  11,  only  the  cost  of  injury  and  cost  of  fatality  are  changed  on  Card  2d  from 
the  previous  run.  However,  the  card  must  be  completed.  Thus,  the  2250-lb  vehicle  cost  and  4500-lb  vehicle 
cost  are  also  punched  on  the  card  even  though  they  are  not  changed. 

Card 3  (Format  7F  10.0) 

Columns  1-10.       Enter  highway  type.  Use 

2.0  =  2-lane  rural  road 

3.0  =  3-lane  rural  road 

4.0  =  4-lane  rural  road 

5.0  =  4-lane  freeway 

6.0  =  6-lane  freeway 

7.0  =  8-lane  freeway 
Columns  11-20.     Enter  highway  division.  Use 

0.0  =  undivided  highway 

1.0  =  divided  highway 
Columns  21-30.     Enter  left  offset  distance  in  feet  (see  Figure  7). 
Columns  31-40.     Enter  right  offset  distance  in  feet  (see  Figure  7). 
Columns  41-50.     Enter  degree  of  horizontal  curve.  Use 

+  =  curves  bending  to  left 

-  =  curves  bending  to  right 

Columns  51-60.     Enter  distance  from  guardrail  face  to  obstacle  in  feet  for  fixed  obstacle. 

If  guardrail  protects  an  embankment,  enter  0.0. 
Columns  61-70.     Enter  distance  from  edge  of  pavement  to  guardrail  face  in  feet. 

Card 4  (Format  4F  10.0) 

Columns  1-10.       Enter  guardrail  length  of  need  in  feet  (see  Section  IV). 

Columns  1 1-20.     Enter  obstacle  exposure  length  in  feet  (see  Section  IV). 

Columns  21-30.     Enter  AADT. 

Columns  31-40.  Enter  final  degree  of  curve  if  various  degrees  of  curve  are  desired.  For 
example,  the  tables  of  Appendix  A  were  prepared  by  entering  a  starting 
value  10.0°  in  Columns  41-50  of  Card  3  and  a  final  value  of  —8.0  in 
this  space.  As  shown  in  Appendix  A,  the  curvature  is  reduced  by  2°  for 
each  run  until  the  final  value  is  reached.  For  a  single  run,  enter  the  same 
value  in  this  space  as  specified  in  Columns  41-50  of  Card  3. 
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The  output  results  for  Set  1  and  Set  2  data  in  Figure  11  are  shown  in  Figures  12  and  13, 
respectively.  Note  that  the  first  output  sheet  lists  input  values  for  checking  purposes.  The  second 
sheet  lists  the  guardrail  types  in  the  order  of  decreasing  preference  (the  best  is  number  1  and  the 
worst  is  number  11)  for  the  indicated  criteria  of  state  cost,  societal  cost,  total  cost,  and  benefit-to- 
cost  ratio.  It  is  the  user's  option  to  select  the  ranking  criteria. 

Note  that  the  SSCOST  runs  of  Figures  8  and  9  correspond  to  the  COCOST  runs  of  Figures  1 2 
and  13.  Thus,  it  can  be  seen,  for  example,  that  the  values  for  state  cost,  societal  cost,  total  cost,  and 
benefit-to-cost  ratio  shown  in  Figure  1 2  for  guardrail  A  are  identical  to  the  values  shown  in  Figure 
8.  However,  as  noted  earlier,  the  SSCOST  run  of  Figure  8  is  for  the  single  guardrail  types.  Thus,  it 
would  be  expected  that  the  COCOST  program  will  find  more  predominant  use  in  cost-effectiveness 
analyses. 
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ADDENDUM 

The  impact  speed  distribution  used  in  this  report  was  estimated  on  the  basis  of  historical  data 
generated  by  Lampela  and  Yang  (see  Figure  6  and  Reference  23  in  Volume  I,  Technical  Documenta- 
tion), which  involved  approximately  1400  single- vehicle  and  200  multiple- vehicle  guardrail  acci- 
dents in  Michigan.  Since  the  initial  completion  of  this  report,  the  Calspan  study,  involving  7,972 
accidents  on  both  freeway  and  non-freeway  types  of  roads,  has  been  reported  (K.  Perchonok,  T.  A. 
Ranney,  A.  S.  Baum,  D.  F.  Morris,  and  J.  D.  Eppich,  "Methodology  for  Reducing  the  Hazardous 
Effects  of  Highway  Features  and  Roadside  Objects,"  CFSI  Draft  Report  No.  ZR-5564-V-1,  Con- 
tract No.  DOT-FH-1 1-8501,  May  1978). 

Figure  14  shows  the  distribution  of  impact  speeds  from  these  two  studies.  The  crosshatched 
bars  represent  the  Michigan  results,  used  in  this  report,  and  the  solid  bars  represent  the  Calspan 
results.  It  can  be  seen  in  the  figure  that  significant  differences  exist  between  the  two  distributions. 
Because  of  this,  FHWA  expressed  some  concern  that  the  slower  Calspan  speeds  might  affect  predic- 
tions of  this  cost-effectiveness  model.  During  the  review,  other  concerns  involved  the  assumed 
severity  for  fixed  objects  with  no  guardrail  [see  paragraph  111(4)  of  this  volume]  and  the  guardrail 
severity  level  indicator,  relating  vehicle  accelerations  to  occupant  injury  level  (see  Figure  9,  page  51 
of  Volume  I).  It  was  suggested  that  sensitivity  runs  be  made  on  the  speed  distribution  and  severity 
indices.  Since  these  estimates  were  integral  parts  of  the  computer  programs  and  not  user  specified,  it 
was  necessary  to  make  minor  program  changes. 

Sensitivity  Analysis  Results 

Case  9  of  Table  6,  page  24  of  this  volume,  was  selected  as  the  test  case.  This  is  a  typical  2-lane 
rural  roadway  of  5000  ADT  with  a  6-foot  shoulder  and  a  6-foot  guardrail-to-obstacle  distance.  The 
computer  output  sheet  for  this  case,  taken  from  page  CIO,  is  repeated  in  Figure  15.  Since  this  run 
included  the  questioned  no-guardrail  severities  of  paragraph  111(4),  the  first  effort  was  to  modify 
these  severities.  On  further  study  of  Reference  1  (page  47  of  this  volume),  it  was  decided  to  use  0.04 
fatality/0.45  injury/0.50  vehicle  damage  for  embankments  and  0.08  fatality/0.55  injury/0.50 
vehicle  damage  for  fixed  objects.  With  these  severities  and  the  Michigan  speed  distribution,  Figures 
16,  17,  and  18  show  the  results  for  severity  index  factors  of  0.5,  1.0,  and  2.0,  respectively.  Speed 
distributions  from  the  Calspan  study  were  next  placed  in  the  program.  Figures  19,  20,  and  21  show 
the  results  for  the  three  severity  index  factors  of  0.5, 1 .0,  and  2.0. 

Discussion  of  Results 

On  comparing  Figures  15  and  17,  it  can  be  seen  that  the  reduction  of  the  no-guardrail  cost  with 
the  severity  changes  effectively  reduces  the  benefit/cost  ratios.  The  changes  in  guardrail  societal 
costs  from  Figure  15  to  Figure  17  were  caused  by  the  severity  changes  when  the  dynamic  deflection 
of  the  guardrail  exceeded  the  guardrail-to-obstacle  distance  [see  paragraph  111(4)  on  page  9] .  It  was 
felt  that  if  a  fatality  had  been  predicted  for  the  guardrail,  it  should  not  be  reduced  to  0.5  fatality/0.5 
injury  when  the  distance  was  exceeded.  Thus,  a  severity  of  4.0  fatality /0.0  injury /0. 50  vehicle 
damage  was  used  for  this  case.  If  the  guardrail  had  not  predicted  a  fatality,  at  least  an  injury  should 
occur.  Thus,  a  severity  of  0.0  fatality/1.0  injury/0.50  vehicle  damage  was  used.  Note  that  societal 
costs  for  the  stiffer  guardrail  types  THRIE,  A,  C,  B,  and  G4W  were  not  changed  by  this  modifica- 
tion. Values  for  the  other  types  were  reduced,  notably  the  weak  Gl  system,  which  moved  from  posi- 
tion 1 1  to  position  2  in  the  societal  cost  row. 

On  comparing  Figures  16,  17,  and  18  (or  Figures  19,  20,  and  21),  it  can  be  seen  that  some  shift- 
ing in  preference  for  the  benefit/cost  ratio  row  occurs.  However,  the  most  significant  changes  are 
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35.6 


25-- 


8.0 


15        25       35        45       55       65       758  over       (mi/hr) 
24.1     40.2    563      72.4    88.5    104.6    l20.7aover  (km/hr) 


ESTIMATED    SPEED    AT     IMPACT 


FIGURE  14.     DISTRIBUTION  OF  VEHICLE  SPEEDS 
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the  reductions  in  benefit/cost  ratios  to  all-negative  values  at  the  S.I.  factor  of  2.0.  With  a  doubling 
of  the  guardrail  severity,  these  results  were  not  unexpected. 

On  comparing  Figures  17  and  20,  it  can  be  seen  that  both  shifting  in  order  of  preference  and 
changes  in  values  occur  with  the  change  from  the  Michigan  to  the  Calspan  speed  distribution.  The 
changes  in  values  were  not  unexpected,  but  it  was  hoped  that  the  order  of  preference  would  not 
change.  Unfortunately,  this  did  occur. 

By  far  the  most  significant  feature  of  this  analysis  is  the  further  reduction  of  the  no-guardrail 
severities,  resulting  in  the  negative  benefit/cost  ratios.  It  was  pointed  out  in  Figures  1  of  the  Exec- 
utive Summary,  Volume  I,  and  this  volume  of  the  report  that  a  guardrail  was  warranted  a  priori,  as 
determined  by  standard  warranting  procedures.  The  criterion  for  guardrail  need  in  such  procedures 
has  classically  been  that  the  severity  of  impacting  the  guardrail  is  less  than  that  of  impacting  the 
obstacle.  Thus,  negative  benefit/cost  ratios  should  never  occur.  Unfortunately,  the  question  of 
what  severity  to  presuppose  for  a  guardrail  warrant  is  nebulous  at  best. 

The  severity  of  general  accident  data  that  includes  all  impacts  is  inconsistent  with  this  assump- 
tion of  warranting  procedures  that  the  no-guardrail  condition  is  more  severe  than  that  of  the  guard- 
rail. However,  if  the  accident  experience  at  a  site  is  known  and  the  predicted  severities  of  the  guard- 
rails in  this  study  can  be  accepted,  the  model  might  well  be  applicable  as  a  warranting  tool.  A 
negative  benefit/cost  ratio  would  imply  that  the  guardrail  is  not  warranted  and  would,  indeed, 
make  the  condition  worse.  Ratios  between  zero  and  one  would  indicate  some  improvement  in  the 
condition  but  not  enough  to  warrant  the  cost  of  the  guardrail.  Only  conditions  with  ratios  greater 
than  unity  would  warrant  further  consideration. 

Conclusions 

•  The  cost-effectiveness  model  is  sensitive  (order  of  preference  as  well  as  corresponding 
values)  to  changes  in  the  severity  index. 

•  The  model  is  sensitive  to  the  change  in  speed  distribution. 
Recommendations 

•  If  the  Michigan  speed  distribution  is  representative  and  the  severity  assumptions  of  the 
report  are  acceptable,  the  results  presented  herein  can  be  applied  directly. 

•  If  the  Calspan  speed  distribution  and  the  severity  assumptions  discussed  above  are  more 
acceptable,  regenerated  site  selection  tables  should  be  obtained  from  FHWA  for  use. 

•  If  speed  distribution,  severity  assumptions,  or  other  values  used  in  generating  the  site  selec- 
tion tables  are  unacceptable,  the  revised  program  should  be  requested  from  FHWA  and 
applied  to  generate  the  user's  own  guardrail  selection  aids. 
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APPENDIX  A 
SITE  SELECTION  TABLES 
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APPENDIX  B 
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APPENDIX  D 

SSCOST  PROGRAM  LISTING 

The  listing  of  the  SSCOST  program  follows.  The  program  consists  of  a  main  program  and 
twenty-three  subroutines.  Flow  charts  are  not  presented  because  it  is  considered  that  little  can  be 
gained  by  their  use.  The  FORTRAN  statements  are  arranged  in  logical  groups  with  the  function  of 
each  group  indicated  by  comment  statements.  Also,  the  variable  names  have  been  selected  to  have 
mnemonic  significance.  Hence,  the  program  logic  can  be  followed  as  easily  from  the  FORTRAN 
listing  as  from  a  flow  chart.  Brief  descriptions  of  the  functions  of  the  main  program  and  various 
subroutines  follow.  A  dictionary  of  variable  names  is  provided  later  in  Appendix  F. 

MAIN  Program 

The  main  program  maintains  overall  control  of  the  execution.  It  first  calls  in  the  input  data 
and  performs  the  necessary  initializations.  Probabilities  for  the  various  impact  conditions  are  then 
computed  by  calling  the  PROBAB  subroutine,  and  the  number  of  yearly  impacts  are  calculated.  The 
SEVER  subroutines  are  then  called  to  determine  the  accident  severities,  followed  by  calling 
TRADEL  to  compute  the  travel  delay  time.  Finally,  costs  are  computed,  including  the  CNGRD 
subroutine  to  compute  societal  cost  if  no  guardrail  is  installed.  Program  control  then  transfers  back 
to  the  beginning  of  the  program  for  the  next  set  of  input  data.  As  shown  in  Figure  6,  as  many  input 
data  sets  can  be  stacked  as  desired.  Program  termination  is  effected  by  encountering  an  end-of-file. 

ASEVER,  BSEVER,  CSEVER,  DSEVER,  ESEVER,  G1SEV,  G2SEV,  G3SEV,  G4SSEV,  G4WSEV, 
and  THRIE  Subroutines 

As  established  from  the  BARRIER  VII  runs,  these  SEVER  subroutines  include  the  24  accident 
severities  for  the  category  impact  conditions  (see  Table  5  of  Volume  I.  Technical  Documentation). 
If  sufficient  accident  data  were  obtained,  the  data  cards  in  these  subroutines  can  be  changed  to 
reflect  these  actual  data  instead  of  the  extrapolated  simulation  results. 

CNGRD  Subroutine 

This  subroutine  computes  the  estimate  of  societal  cost  with  no  installation  of  guardrail.  As 
indicated  by  the  comment  cards,  included  are  computations  of  probabilities,  number  of  yearly 
impacts,  accident  severities,  travel  delay,  and  associated  costs. 

INJURY  Subroutine 

The  SEVER  data  statements  include  maximum  50-ms  averages  of  lateral  and  longitudinal 
vehicle  accelerations.  This  subroutine  converts  these  accelerations  to  injury  classifications  according 
to  the  guardrail  severity  level  indicator  (see  Figure  9  of  Volume  I). 

OBSTA  Subroutine 

This  subroutine  changes  the  injury  classifications  when  the  guardrail  deflects  past  the  obstacle. 
For  a  fixed  obstacle,  severities  are  set  at  0.5  injury,  0.5  fatality,  and  0.5  vehicle  damage  when  the 
guardrail  deforms  more  than  the  guardrail-to-obstacle  distance.  For  embankments,  the  guardraiHo- 
obstacle  distance  is  set  at  5  feet. 
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PROBAB  Subroutine 

This  subroutine  calculates  the  combined  probabilities  of  impacts  for  specified  offset  distances 
and  category  values  of  vehicle  speeds  and  impact  angles  (see  Figures  5  and  6  and  Table  4  of  Volume  I). 
The  PROBO  subroutine  is  called  for  the  probabilities  of  the  impact  angles  at  the  category  speeds. 

PROBO  Subroutine 

This  subroutine  calculates  the  distribution  of  category  impact  angles  for  a  specified  vehicle  speed, 
offset  distance,  and  degree  of  horizontal  curvature.  The  mathematical  basis  for  the  subroutine  is  dis- 
cussed in  Appendix  D  of  Volume  I.  The  subroutine  PROBN  is  called  from  this  subroutine. 

PROBN  Subroutine 

This  subroutine  calculates  the  normal  distribution  probabilities  for  a  specified  impact  angle. 

TRADEL  Subroutine 

As  formulated  in  Appendix  E  of  Volume  I,  this  subroutine  calculates  the  travel  delay  for  specified 
values  of  AADT,  highway  type,  and  times  to  remove  the  damaged  vehicle  and  repair  the  damaged 
guardrail.  The  subroutines  VEL50,  VEL60,  ACCDT,  and  REPAIR  are  called  from  this  subroutine. 

ACCDT  Subroutine 

This  subroutine  computes  the  travel  delay  caused  by  blockage  of  the  damaged  vehicle.  Formula- 
tion of  the  problem  is  discussed  in  Appendix  E  of  Volume  I. 

REPAIR  Subroutine 

As  formulated  in  Appendix  E  of  Volume  I,  this  subroutine  calculates  the  travel  delay  caused 
by  repair  of  the  damaged  guardrail. 

VEL60  Subroutine 

For  a  specified  volume-to-capacity  ratio,  this  subroutine  computes  the  vehicle  operating  speed 
for  the  60  mph  AHS  curve  in  Figure  E.2  of  Volume  I. 

VEL50  Subroutine 

For  a  specified  volume-to-capacity  ratio,  this  subroutine  computes  the  vehicle  operating  speed 
for  the  50  mph  AHS  curve  in  Figure  E.2  of  Volume  I. 

VELF  Subroutine 

For  a  specified  volume-to-capacity  ratio,  this  subroutine  computes  the  vehicle  operating  speed 
for  the  Level  F  curve  in  Figure  E.2  of  Volume  I. 

Operating  Characteristics 

The  CDC-6500  version  of  the  SSCOST  program  requires  a  60k  core.  For  four  sets  of  input 
data,  including  the  two  sets  shown  in  Figure  6,  the  run  required  8.45  seconds  of  CP  time  and  28.38 
seconds  of  10  time.  For  the  IBM-370  version,  a  360k  core  was  required,  and  30.60  seconds  of  CPU 
time  were  used.  Costs  for  the  CDC  and  IBM  runs  were  approximately  $10.75  and  $17.70, 
respectively. 


D-2 


IS 

< 

EL 


CO 

CO 


1— 

o 

(J 

CO 

* 

'J5 

^-4 

-U 

X 

o 

4-s 

a 

2 

CJ 

Q 

LP 

CJ 

nj 

z 

UJ 

LU 

i- 

-H 

■< 

_J 

or 

UJ 

CJ 

LU 

u. 

*■/ 

> 

«. 

o 

Q 

_l 

ft. 

CO 

x 

x 

< 

or 

>~~* 

Q 

<r 

Q 

*"ft. 

o 

\ 

Q 

t— 

LP 

3 

z> 

_l 

o 

2 

> 

>- 

t— 

(Tl 

X 

<r 

u> 

d" 

X 

o 

JD 

<C 

_l 

2 

«, 

ft 

LTl 

o 

t- 

u_ 

O 

h- 

■* 

1-4 

/-> 

ru 

» 

or 

UJ 

U- 

C0 

ru 

CO 

or 

co 

ni 

KS 

LU 

a. 

Q 

a 

o 

I 

o 

ru 

a. 

z 

—4 

_l 

£ 

•-• 

_j 

>- 

2 

2 

t- 

_l 

u 

CJ 

ft 

o 

v^ 

o 

1- 

or 

<t 

i— 

< 

< 

UJ 

o 

l-H 

»-1 

a: 

H-* 

X 

2 

V 

I 

or 

LU 

2 

< 

2 

co 

or 

o 

t— 

z 

•1 

•H 

o 

►— 

3 

_i 

OJ 

% 

Or 

LU 

or 

o 

I— 

u. 

«£ 

►- 

ft 

r— 

I 

X 

or 

K-l 

nj 

^^ 

O 

-J 

c 

t-4 

CO 

LU 

_l 

* 

o 

V 

LTl 

LO 

-1 

k— 

3 

uJ 

ar 

1— 

o 

1— 

— i 

_J 

/-\ 

X 

O 

CO     * 

^ 

UJ 

or 

LU 

Q 

UJ 

< 

< 

CJ 

<t 

•4 

*■ 

ft. 

3: 

CO 

z 

Q 

X 

3 

-1 

3 

_l 

or 

a 

!— 

w 

CO 

►- 

o 

«» 

rr 

*—* 

(-4 

« 

C_l 

O 

-J 

UJ 

2 

CO    C 

CD 

m 

V 

V 

3 

_i 

<c 

H 

5» 

or 

< 

■a: 

-J 

i— 

< 

Z    O 

or 

■< 

-> 

/~\ 

3- 

i 

3 

»-* 

IL 

1— 

ar. 

>— 

CJ 

CO 

>-<  m 

0. 

O- 

CL 

*■  CD 

CJ) 

j- 

U 

C_) 

O 

o 

(O 

»-i 

<o 

M 

UJ 

>— 

■*■ 

* 

o 

»— ■ 

t— 

OJ    I 

X 

1-4 

rt, 

< 

2 

X 

or 

z 

-J   1 

^^ 

2 

», 

W 

v-»  LTl 

LO 

« 

^ 

u. 

II 

o 

o 

a. 

i—t 

UJ 

a 

UJ 

►— i 

>-*  m 

CO 

CJ 

< 

1- 

LL       - 

h 

UJ 

*■> 

u. 

z 

iij 

> 

i~ 

i— 

or 

<■  o 

\-> 

ft 

H- 

X 

UJ 

z 

CO 

< 

— I 

«t 

o 

or 

*. 

CJ 

2 

0- 

or 

1— 

Q 

LU 

»H 

O 

■< 

>- 

ar 

<t 

2 

»— 

«, 

ft 

HH 

O  1- 

c 

1— 

I 

« 

•k 

CO 

_l 

< 

i- 

3 

3 

_l 

< 

o 

<t 

<c 

LP 

LU 

ar  o 

r^ 

I— 

O 

»— 

f- 

s~* 

-> 

1 

3 

z 

X 

u. 

2 

u. 

rr 

* 

1- 

1— 

<f  LU 

OJ 

ft. 

ft. 

ft. 

C 

r»-    <* 

o 

m 

UJ 

^ 

< 

u_ 

a 

.  * 

< 

(_> 

LJ 

CJ 

2 

IU 

o  •-» 

VI 

en 

LP 

O 

-a 

ru  I 

X 

LU 

i- 

M 

co 

v 

LU 

-J 

e>  o 

ft-* 

s- 

3- 

m 

< 

<-•  Lf) 

in 

^ 

a- 

o 

o 

o 

CO 

re 

LU 

i- 

y- 

ru 

or 

0- 

Or 

UJ 

Uj 

o 

a_ 

« 

O    - 

» 

UJ 

u_ 

-tt 

LU 

X 

UJ 

O 

_J 

co 

CO 

ru 

oc 

X 

or  a 

a 

ft. 

ft. 

% 

a 

■> 

2 

<t 

O 

* 

L! 

CJ 

o 

o 

CJ 

r*j 

o 

o 

>- 

ru 

ru 

lP 

< 

«.  UJ 

< 

UJ 

V— 

LP 

z 

UJ 

»— t 

o 

u 

ft 

u 

CJ 

U_  >-< 

I— 

ru 

oj 

PJ 

> 

**■»  2 

_l 

2 

X 

^> 

3- 

1 

o 

X 

< 

or 

t— i 

UJ 

U 

0L 

o 

*    O 

m 

1 

< 

1— 

»-H 

1- 

y- 

2 

_l 

LU 

>- 

UJ 

£ 

« 

cc 

CO    3 

* 

ft 

* 

ft 

•. 

nj  z 

L5 

OJ 

_l  UJ 

O 

v 

co 

< 

•n 

> 

1- 

o 

U 

_i 

o 

>-   CO 

r-4 

^-i 

1- 

in 

a 

>-  I 

X 

1 

[U 

2 

ru 

»-H 

)— 

o 

1-4 

2 

ft. 

CO 

u. 

CO 

3- 

ru 

< 

-* 

•i 

Q  ui 

LP 

^-N 

II 

oc 

U. 

Z> 

ru 

o 

CO 

« 

o 

_J 

<c 

LU 

O  K 

c- ' 

— < 

Ll. 

0. 

m 

<i  V 

« 

* 

1- 

v-i 

<n 

IU 

t 

2 

ar 

LU 

a 

1— 

CJ  O 

CB 

ft-/ 

CJ 

» 

«. 

^  ^^ 

a 

d- 

* 

z 

II 

« 

1— 

fi 

QC 

(j 

1— 

UJ 

CJ 

U. 

*— ' 

2 

u_ 

2 

LP 

ft 

r- 

o 

^^  ru 

Lu 

«. 

UJ 

1-4 

(- 

UJ 

o 

< 

< 

y- 

■. 

>— 1 

i— t 

_I 

4 

*- 

-1 

0- 

CC 

:*-    -H 

X 

m 

2 

o 

c 

CO 

tLl 

^ 

rr 

u. 

z 

o 

*— i 

_J 

o 

or 

<  a.' 

* 

X 

2 

* 

<_) 

ru    » 

OJ 

CT. 

« 

■< 

_1 

^ 

«r 

u_ 

_J 

o 

< 

n 

i- 

CJ 

< 

a. 

y-  y- 

/-* 

* 

>-4 

L5 

*k 

**j  — ) 

o 

1-4 

ru 

_l  O 

Q 

< 

u_ 

o 

UJ 

o 

ft 

<t 

cj 

ft 

UJ 

_l 

», 

UJ 

lu  a 

c? 

e-i 

u 

til 

33 

u.    II 

X 

z 

^^ 

1 

X 

V 

c 

< 

c 

-1 

3l 

:— 

o 

UL 

~> 

1— 

i-i  i_> 

— t 

ru 

V 

G 

■< 

«.  *H 

LO 

►-I 

1- 

-D 

o 

_J 

1— 

* 

LU 

2 

i^- 

-«» 

►-4 

_i 

-4 

< 

CJ   _l 

w 

*H 

■a 

•. 

a: 

O 

/~\ 

«. 

U- 

I 

UJ 

2 

u 

1— 

CO 

or 

> 

o 

1— » 

ft 

C0 

IL 

> 

1— 

CO 

o 

ar 

o  < 

UJ 

^■/ 

lL 

_I 

lL 

« 

*       » 

V 

LU 

C 

X 

T 

co 

u. 

o 

a; 

CJ 

LU 

o 

l-> 

rr 

z 

ft 

— t 

t 

CO  CJ 

_1 

Oj 

LU 

>- 

o 

►- 

OJ  /-* 

LU 

m 

CD 

111 

Ijj 

2 

t— < 

1- 

^-\ 

<s 

o 

c 

1 

(- 

or 

CJ 

ft 

UJ 

M 

>-4 

o 

w 

1— 

1- 

ru 

ft 

ft. 

» 

X 

^s  *-* 

_l 

k 

a 

a 

z 

co 

cr 

o 

».-< 

1 

» 

LU 

x 

»- 

o 

"3 

CO 

or 

or 

• 

4- 

2 

(3      t 

4-4 

X 

a 

> 

_1 

-f 

3   v-> 

•H 

►- 

/-^ 

OJ 

"^ 

>- 

< 

_J 

»— < 

^ 

• 

or 

o 

-j 

ar 

:> 

CO 

>- 

'2 

a 

ft 

rr 

1- 

UJ 

z  or 

>— 

■v 

LL. 

V 

U. 

V 

\    LU 

e 

>— ' 

CD 

r-l 

4< 

y- 

_1 

•-4 

> 

i— 

o 

w- 

u_ 

or 

o 

i— 

< 

*-H 

Q 

r^ 

_i 

—t 

^ 

+ 

2 

n 

< 

1— 

UJ 

O 

a 

<c 

>  Q. 

x 

►- 

< 

^^ 

X 

1 

< 

*-i 

X 

-H 

Q 

1 

D 

o 

t- 

CJ 

to 

_) 

o 

UJ 

o 

>- 

co 

c 

o 

< 

4-4 

X 

UJ 

2 

co 

«. 

IT 

«. 

cr 

LU    >- 

LP 

x 

CD 

a 

LO 

>- 

*- 

rr 

a 

» 

11. 

2 

_J 

«. 

t— 

k 

o 

UJ 

ft 

>— 

z 

_J 

ft 

• 

• 

T 

or 

CJ 

UJ   UJ 

c 

o 

/-s 

a. 

^N 

>— 

CO    1- 

h 

CT 

«-H 

JD 

(T 

V 

■< 

rj 

^H 

X 

«I 

1-4 

•-« 

—t 

>- 

u 

o 

-^ 

<i 

<T 

^' 

»-< 

c 

cr 

X 

a 

< 

t-    _l 

>— I 

V 

ru 

■s. 

ru 

v. 

V.    1-4 

LU 

C 

>.^ 

v^ 

cr 

x^ 

3 

II 

ar 

>- 

a 

*— * 

<t 

3 

CO 

c 

or 

o 

re 

O 

o 

4 

4- 

u. 

ii 

o 

or 

co 

2 

^ 

2 

-- 

z 

2  ^ 

_l 

«H 

H- 

LL- 

1— 

I 

<t 

" 

— i 

1— 

K- 

or 

-* 

111 

H 

x> 

or 

_l 

—i 

»-4 

ft 

—4 

H- 

1— 

II 

^- 

cr 

i-  >- 

z 

O 

w 

O 

«. 

o 

O 

(- 

< 

CS 

f— 

'< 

CJJ 

r» 

rr? 

3 

<t 

lL 

o 

7 

-> 

►— 

UJ 

►- 

UJ 

1- 

I 

o 

< 

Z 

CJ 

CO    D 

UJ 

3T 

►— 

X 

ru 

zc 

^    t 

— 

O 

r. 

UJ 

2 

2^ 

a.  ►-. 

». 

CJ 

X 

Ci 

X. 

LU 

a- 

3 

»—i 

o 

2 

< 

> 

Cj 

CO 

x> 

UJ 

o 

II 

II 

3 

4-4 

2 

JT 

£ 

co 

3T 

w 

E 

X  1- 

IU 

1— 

•I 

X 

\^ 

>-< 

Or 

O   I 

X 

C/> 

< 

or 

' 

< 

< 

1— 

«t 

t-H 

a 

1 

< 

UJ 

— 1 

UJ 

■•» 

S- 

1— 

r 

Or 

LL.1 

CO   Q 

t— t 

o 

c 

o 

re 

c 

o  < 

I 

UJ 

o 

u. 

or 

O 

H- 

« 

u. 

»-4 

UJ 

o 

XJ 

UJ 

UJ 

UJ 

1 

UJ 

<l 

I 

LU 

T 

C5 

u_ 

a. 

llJ  LU 

Q 

CJ 

CJ 

CJ 

0- 

o 

(_)  Q 

LP 

2 

a 

u. 

1-4 

a 

Ll 

CO  z 

LO  O 

X 

or 

ij. 

2 

L3 

-r 

z 

or 

2 

or 

1— 

or 

z 

> 

to 

or 

1-4 

1-4 

H4 

1-4 

2 

►-  t— 

-H 

— < 

—4 

>— t 

I—* 

•■H 

►—1 

1-4 

H-1 

H4 

3   3 

•H 

o 

ru 

tr 

m 

-i 

ol  a. 

_l 

o 

a- 

_l 

a 

-J 

_l 

_l 

_) 

-J 

T.  s: 

_l 

*H 

-J 

*-4 

_J 

_l 

_l 

-J 

-J 

o  o 

< 

-< 

<I 

< 

< 

< 

< 

o  o 

<_> 

1_) 

<-) 

c-> 

o 

u 

<_> 

<J 

CJ 

u 

CJ 

LJ 

<J 

o 

CJ 

o 
II 
or 


_l 

3 

<. 

UJ 

or 

UJ 

XI 

or 

or 

lL 

/~*\ 

Vv 

UJ 

LU 

* 

z 

2 

2 

«* 

*f 

O 

-J 

-J 

4-» 

1 

1 

1- 

ru 

■*- 

< 

z-\ 

yr 

it 

II    « 

or 

>- 

o 

OJ 

LTl    < 

u. 

* 

4t    3 

z 

X 

X  LU 

HH 

o 

C  UJ 

ru 

ru  or 

1— 

^ 

v.  u. 

X) 

4t 

* 

a. 

uJ 

_!  UJ 

z 

or 

<   Z 

i— * 

UJ 

or  < 

X 

XI   -J 

• 

3 

or   I 

*-4 

00 

ft, 

U) 

1- 

« 

Z    II 

UJ 

ft 

< 

LU 

m 

_J  r>- 

X 

»-4 

1    « 

co 

ft 

3-   X 

* 

* 

a 

X 

11 

II   ru 

m  a  ru  x 

C   LU   C    X 


V—    O    I—    O    *t 


m   LU   CC    CD   CO 


cm  c  rr  i-  i- 


i—  or  or  or  2 


LU  C   LU  LU 


lu  in  t.5  or 


ru 

ru 

I— 

o 

«, 

i— 

O    3 

LT 

LP 

-J 

i— 

cc 

ru  LU 

>v 

"N. 

3 

<r 

>- 

^  UJ 

ru 

LP 

co 

o 

c 

■a. 

■x  rr 

ru 

*■ 

UJ 

CD 

-4 

3 

J  u. 

l— 

y- 

ar 

ft 

X 

■< 

4C 

* 

*^ 

U_' 

X 

CJ) 

rr  iu 

t~ 

y- 

u 

^« 

3 

o 

►— « 

3    Z 

o 

c 

o 

• 

1— 

^4 

i— 

X 

or  <* 

<t 

< 

3 

h-i 

^ 

X 

4( 

_i 

< 

< 

i~ 

ijj 

t— 

ft 

►— * 

X 

LU     1 

* 

* 

3 

• 

ft 

-4 

ft 

LO 

2   JD 

_) 

_l 

C 

1— 

Cj 

X 

-4 

-H 

< 

C3 

o 

1 

Z 

O 

—J 

C 

^v 

3    II 

* 

« 

3 

t—i 

ru 

V*» 

ru 

V-' 

1 

rr 

a 

_l 

or 

1— 

1— 

m  -D 

LU 

Ul 

-< 

a 

y~ 

<T 

1- 

<1 

* 

ll 

n 

(_' 

»— t 

2 

X 

2 

X 

II    X 

ru 

Lf! 

*— * 

4-4 

a 

h- 1 

nr 

3 

OJ 

t- 

LU 

u. 

Or 

o 

or 

o 

m  ru 

LU 

llJ 

IJ 

z 

LU 

r 
■i- 

a 

a 
a 
ru 

Q. 

Ll. 

-4    OJ 

D.3 


t- 

* 

LU 

z 

Q 

LU 

CO 

O 

Ul 

0. 

« 

u 

Ul 

<_> 

LU 

>■ 

X 

u. 

»- 

CK 

a_ 

t— 

r*\ 

o 

o 

u 

LU 

X 

>- 

* 

ru 

Ul 

-v 

a 

ru 

<~> 

i- 

II 

I" 
< 

v 

i- 
x 

a. 

X 

* 
I 

* 

v. 

J- 

ii 

00 

UJ 

* 

Cj) 

LU 

•H 

* 

* 

• 

* 

vD 

i- 

>-i 

ft 

o 

cr 

< 

J) 
u. 

* 

X 

in 

Ul 

LU 
UJ 

cr 

* 

,_, 

Q 

Z 

X 

* 

LU 

» 

X 

ru 

1-1 

Lu 

X 

o 

■< 

ft 

z-\ 

U 

>- 

< 

•J) 

^ 

a 

a 

t 

* 

* 

ft 

II 

ru 

* 

X 

* 

ru 

J(-  UJ 

CO 

1— 

X 

rftj 

* 

cr 

V 

nj 

H- 

» 

/-n 

X 

U   Z 

LU 

LU 

—4 

* 

II 

UJ 

a. 

/I 

LU 

* 
cj 

O 

II 

a 

* 

* 
i- 

l-l 

1- 

UJ 

u. 

X 

I 
— i 

4—* 

CO 

-1 

LU 

i^ 

LU 

liJ 

II   1- 

<-< 

-4 

ft 

* 

LU 

CO 

o 

LU 

a. 

— 1 

u. 

UJ 

LU 

t-4 

-1 

ft 

X 

>- 

_J 

i- 

^-» 

a. 

V 

-4 

v 

U_ 

U. 

lu  a 

»H 

* 

* 

p. 

<t 

CJ 

<L 

X 

>. 

>- 

1- 

* 

* 

>  z 

CD 

ft 

r- 

ft 

o 

X 

« 

LU 

X 

LU 

> 

■» 

LU 

i— 

II 

X 

i- 

n 

* 

* 

Oi  o 

< 
CO 

o 

• 

LU 

LU 

a 
■ 

cr 

LU 

*— 

X 

r-\ 

rr 

ii 

ru 

_l 

o 

o 

o 

o 

in  u. 

LP 

IU 

> 

z 

o 

<T) 

* 

LU 

r^ 

V 

i— i 

• 

• 

»- 

QC 

u. 

u. 

a. 

IT 

UJ 
o 

< 

o 

_l 
1 

CO 

X 

* 

* 

X 

* 

1 

cr 

u. 

u. 

u  u 

o  ■< 

a. 

* 

* 

* 

CO 

_) 

X 

cr 

O 

o 

X 

Ul 

* 

o 

« 

« 

a. 

• 

ii 

ft 

ii 

4-> 

LU 

1 

LU 

<_> 

o 

t-l 

« 

en 

nj 

rj 

QC 

« 

* 

ui  x: 

ru 

O 

* 

_J 

O 

0- 

2 

en 

l~ 

* 

ru 

V 

< 

II 

li 

UJ  t-> 

• 

LU 

o 

S~S 

o 

1/1 

LU 

j- 

l-H 

« 

v. 

* 

IU 

^> 

X 

>- 

Ul 

> 

LU 

* 

4-4 

ru 

< 

* 

o 

m 

n 

~» 

0- 

o 

UJ 

UJ 

u  to 

LU 

^-i 

u 

cr 

c 

a 

X 

ru 

«. 

u. 

X 

2 

►-* 

CD 

LT> 

>- 

u 

c_> 

LU  3 

Ul 

l- 

ft 

n 

ft-4 

ui 

LU 

* 

a 

o 

O 

O 

k 

t— 

rr 

2 

2 

o  o 

z 

u_ 

« 

<_) 

> 

o 

> 

X 

• 

(U 

<-> 

* 

Ul 

Ul 

o 

< 

< 

*  »-• 

J^v 

*-N 

to 

LU 

ii 

l-H 

4-4 

3 

± 

a: 

V 

II 

n. 

0. 

II 

u. 

1— 

1- 

x  or 

^fti 

^-N 

« 

_l 

u 

a 

> 

* 

ru 

L«. 

IU 

« 

LU 

>- 

X 

CO 

CO 

c  < 

1— t 

1-4 

X 

ft-4 

o 

zz 

t-4) 

* 

-v. 

v 

m 

J- 

1- 

LU 

i— 

1— 

o 

a 

»H 

1— 1 

ru  > 

ft 

ft 

-i 

o 

/-4 

<T   Zi 

ru 

CJ 

a 

* 

* 

T 

• 

*-* 

a. 

— 1 

LU 

Q 

o 

v. 

ru 

ru 

C 

ru 

»- 

»- 

LU 

0" 

o 

• 

X 

II 

O 

-C 

CO 

>- 

n 

II 

* 

Ul 

*    Ul 

^_/ 

w 

m 

>. 

r*i 

Ul 

X 

Ul 

—4  CO 

ai 

CO 

r> 

4— t 

2 

u. 

t- 

X 

2 

LU 

1- 

i-   X 

T 

fD 

^ 

* 

to  is 

a 

>— t 

1-4 

Li- 

X 

to 

« 

_l 

ai 

.r 

^~ 

1 

-I 

CD 

Ul 

iu  v- 

a 

a 

O 

«, 

X 

u 

»-4 

C9 

*- 

y- 

fe 

LlJ 

e 

* 

♦—I 

_j 

-k 

* 

ru 

U 

u 

LU 

CO 

Ul 

+ 

+ 

1— 

CC 

—4 

u 

or 

LU 

2   >- 

2 

>- 

* 

U) 

o 

_1 

UJ 

II 

< 

n 

X 

X 

~v 

o 

-< 

a 

u. 

u  or 

CO 

#■*. 

#—v 

< 

/^ 

ft 

o 

\~* 

Q 

1-4  s 

»— • 

<r 

II 

T»- 

t-^ 

u 

►- 

i 

<i 

LT 

u> 

* 

1 

1— 

«. 

u. 

o 

l~ 

*-H 

ft-* 

o 

c 

^-N 

4«-S 

X 

■« 

+ 

a  3 

or 

X 

a 

u 

4—4 

LP 

l-J 

CO 

o 

re 

ru 

ru 

to 

T 

CO 

o; 

o 

*  u 

CJ 

ft 

ft 

cs 

-4 

V 

* 

c 

cr 

X 

i— 

X 

Q.   X 

Q 

r 

\— 

y- 

u 

X 

It- 

UJ 

IU 

o: 

Q 

•>. 

>* 

a- 

«> 

►— 

ur. 

u. 

« 

<t 

•H 

-4 

ft 

V 

I 

rr, 

u. 

—4 

LU 

-H 

o 

L3 

o 

V 

< 

IU 

iu  a 

_J 

< 

r>: 

* 

X 

C3 

D 

ca 

o 

o 

1— 

O   CO 

0. 

v.* 

w 

>-~. 

LU  X 

4C 

—\ 

ft 

o 

ft 

cn 

ft 

/~\   4—4 

/—, 

*-i 

h- 

< 

o 

o 

ru 

a 

> 

* 

X 

<_) 

12 

< 

^ 

ul 

c 

z 

I 

• 

u. 

•  LU 

X 

on 

C£ 

-4 

_l  c 

CO 

«^> 

* 

ft 

* 

u 

* 

-4.  X 

>H 

X 

12 

■4* 

• 

• 

ru  v- 

nj 

UJ 

»— < 

O  t-  =) 

Ul 

* 

Ul 

O 

_l  LU 

■*■   M 

»-4 

0. 

CV 

• 

>—  —1 

H- 

-u 

I 

_l 

I 

*JU 

o 

X 

c   * 

c 

* 

<t 

* 

c 

a 

a 

* 

CD 

ru 

4t 

I 

* 

IS 

o 

UJ 

Ul 

a. 

_J--J 

►- 

u 

_i 

U   1- 

w 

v^ 

c; 

*-•  N 

CJ 

m 

—4 

u. 

-4 

C 

LU 

~1 

•  X 

• 

X 

< 

X 

CD 

c 

y- 

X 

-J 

U- 

X 

LU 

X 

^-^ 

* 

a 

a. 

>- 

(-S 

* 

1 

a 

* 

^  t-* 

ru 

O 

CC 

CD 

u. 

ru 

* 

* 

Ul 

r-       ft 

■< 

ft 

ft 

o 

ft 

* 

Q 

ft 

C    LP 

c: 

in 

V 

\n 

■H 

-H 

* 

in 

1 

LP 

> 

Ul 

« 

X 

>- 

> 

►- 

M 

X 

_j 

* 

X 

*  -J 

ru 

— A 

t 

<s 

< 

o 

—A 

ru 

LP 

• 

ft    ^^ 

0. 

X 

X 

» 

X 

X 

ft 

X 

*  "-4 

• 

—i 

m 

*-» 

+ 

* 

*- 

—^ 

a 

l/l 

—1 

J> 

•H 

r^ 

o 

>— 

i- 

<X) 

a 

*~* 

rr 

C5 

II  >-l 

«. 

X. 

o 

T> 

A 

ft 

ru 

T 

»*- 

O   X 

r 

-4 

r- 

ru 

rv 

m 

r^ 

—4 

nj 

i- 

P- 

1—  V. 

t- 

\ 

o 

V 

ru 

LP 

o 

•v 

a 

c 

*S 

m 

c 

V 

c 

ai 

it 

o 

ru 

*t 

cr 

ru 

rr 

—i 

—4 

II 

U' 

O 

c 

or 

— * 

u 

Ul 

Ul 

2 

~H      -4 

*— * 

r-4 

m 

—4 

m 

*-4 

m 

* 

-^ 

>H 

m 

_J  ft^ 

cr> 

»-/ 

ru 

v^* 

TJ 

i- 

ru 

*-* 

Ul 

ru 

w 

_j 

ru 

w 

l\J 

*w^ 

II 

ii 

ai 

^~/ 

or 

ru 

^-/ 

Ul  ■« 

—4 

li 

II 

--^ 

25 

2: 

ru 

a 

UJ 

II 

li 

11 

Ti 

►-4 

nj  \-> 

ru 

ftv 

ru 

w 

ru 

*-> 

* 

ru 

PJ 

*^ 

•  h- 

t 

i- 

t— 

1— 

t- 

t- 

rf- 

V- 

■ 

»— 

>- 

cr 

►— 

Q 

t- 

lj  m 

It 

^-H 

"J 

^ 

2 

_j  a 

ii 

a 

tj- 

rr 

'-< 

#-* 

*~\ 

z 

or- 

r- 

u 

1— 

|~ 

t- 

I 

i- 

o  ■* 

o 

-t 

t~ 

•X 

II 

II 

i— 

■a 

* 

H- 

*3 

a 

*— 

<f 

►- 

•T 

*-i 

LP 

•K 

t— 

■a 

or 

1— 

-j 

T   O 

co 

ft 

•-^ 

U. 

to 

u 

T 

»-< 

l-< 

KH 

n 

1-    <t 

o 

I— 

<s 

1- 

*3 

►- 

•*■ 

—4 

i— 

»- 

< 

i  r 

T 

yz 

z 

x 

ru 

en 

z 

S" 

X 

2 

i. 

LO 

z 

r 

2 

T 

■« 

* 

X 

2 

r 

< 

2 

V 

<  'jr 

CO 

J- 

*■ 

t— « 

*— 

O   _J 

CO 

o 

_i 

n 

in 

^^ 

tw* 

V— 

t— 4 

2  r 

2 

X 

2 

r 

2 

r 

ft 

2 

2 

E 

w  a 

«w 

cr 

►-- 

X 

ru 

=» 

4—4 

cr 

a 

rr 

ru 

t-4 

.t 

IH 

3C 

X 

X 

IT. 

*-* 

tx 

Z! 

»-» 

T 

►-  a 

< 

\^ 

Z 

II    _! 

-< 

ii 

„' 

2 

ru 

1/1 

2 

»_> 

>-4  or 

ry 

»^ 

or 

h-< 

or 

»— • 

or 

X 

»-4 

lr-4 

rr 

u.  o 

U 

o 

X. 

O 

a 

0. 

(T 

o 

nj 

IT 

a 

ru 

t 

o 

T. 

O 

LT. 

in 

ai 

JC 

o 

o 

rr 

O 

CO 

a 

rc; 

c 

E 

O 

-j  «t 

a 

_i 

i 

o 

ru 

^> 

c 

u. 

sc  a 

Ul 

rr 

3 

rr 

o 

X 

c 

!>• 

T 

I 

a 

1-4   U 

>-i 

U. 

a. 

IJL 

t- 

t— 

a 

Ul 

V 

a 

u. 

* 

a. 

u. 

a. 

u. 

ru  ru 

N. 

a 

u 

* 

a. 

u 

>-i  w 

►H 

o 

Cj 

a. 

u 

i~  <_i 

t— i 

i- 

u 

UJ 

c. 

X 

I 

o 

I-H 

a.  u 

tr, 

a. 

u 

oZ 

u 

0l 

u. 

rri 

o. 

a_ 

u. 

— i 

•H 

-H 

ru 

rn 

»H 

-(  i- 

1- 

-H 

^1 

(T 

ru 

m 

* 

m 

X 

n» 

CO 

cr 

3 

rr) 

*■ 

r> 

LP 

c 

^-4 

ru 

m 

± 

cr 

o 

o 

o 

c 

c 

o 

a 

O 

a. 

a 

a 

*H 

-4 

—4 

—4 

-4 

—1 

ru 

ru 

ru 

IU 

-u 

ru 

ru 

OJ 

o 

n 

X 

o 

ru 

OJ 

ru 

ru 

ru 

rr 
C9 
O 

•Y. 

a. 


D.4 


LU 

o 
-i 
a. 


*    h- 

v 

>-  i 

* 

1-  o 

t- 

»-» »-« 

u. 

*^» 

_l  0T 

UJ 

V 

l-H   n-* 

_l 

v» 

CO    * 

V 

<   X 

z 

« 

co  m 

o 

1- 

O  -l 

X 

a.  « 

CO  is 

Q.  ^ 

UJ 

l-H 

*   t- 

uj  or 

x  b. 

ac- 

00  UJ 

ta 

z 

*  _l 

UJ  o 

>-  v^ 

Q 

t-    * 

*-\ 

to 

r*i 

•-•  X 

»-H 

* 

UJ 

•-J 

_i  ru  *-\ 

v^ 

« 

UJ 

*— i 

HH   -H  V 

in  *-i 

ru 

or 

in 

00    *    N. 

j-  v 

• 

ta 

* 

<«->>» 

x    - 

J0  UJ 

X 

CD  tO   * 

»   LP 

u. 

o 

* 

O  Ixl  CO 

>— >      • 

V 

*~\ 

CC  UJ  IU 

i-i  tr 

* 

* 

t 

a.  or  _i 

■^  -H) 

II 

« 

v*» 

*  o  u 

ru  u- 

nj 

ru 

X  UJ  1-4 

ru    « 

UJ 

t 

ru 

tr  o  x 

X  in 

_l 

J0 

I 

*    «->UJ 

•.    ■ 

o 

u. 

% 

UJ    *    > 

<^»  m 

z 

% 

/-» 

_!  X 

i-i  ro 

< 

* 

~j 

IS  O  CD 

•>  U. 

II 

^ 

Z   -<  _J 

ru    » 

1- 

ru 

<    «     1 

v-  in 

u 

UJ 

<wl 

^  o 

cc     • 

r-\ 

•r 

_l 

ce 

*-\ 

>-  x  o 

0_  tr 

-H 

Q. 

19 

a 

ru 

o  a  in 

v   -4 

* 

X 

z 

« 

k 

<  x  * 

<-.  U. 

ru 

►H 

< 

/^ 

ru 

a.  >->  * 

l-H      * 

w 

T 

\*s 

X    *    X 

»  in 

-J  UJ 

y~ 

^ 

_l 

M    X    *- 

i-H       • 

o 

_J 

u 

■H 

O 

*  o  * 

w  —i 

z 

»-H 

< 

^> 

z 

X   -1  CO 

re  ru 

•tf 

1- 

0. 

ro 

-t 

X    X  UJ 

a.  U. 

% 

z 

X 

a. 

« 

*  *  _l 

V          *. 

/"■% 

LU 

l-H 

k 

#-*» 

o  co  o 

«^  c 

-h 

(-) 

/-^ 

ru 

UJ  H-  »-« 

HH        • 

«. 

rr 

UJ 

i-i 

^ 

UJ  U  X 

v_    CO 

_H 

IU 

_l 

v^ 

—4 

Q.  <t  UJ 

O   -H 

w 

CL 

I-I 

u 

w 

co  a  > 

z   U- 

-I 

1— 

jr 

_l 

*    X 

-<    •. 

<J 

in 

z 

«t 

'J 

x  >-«  on 

«  c 

z 

0" 

UJ 

» 

z 

a       _i 

o 

o 

a 

>     • 

1 

* 

(-) 

> 

«t 

•h  u.  i   a 

• 

• 

• 

*■ 

«.  -J- 

« 

X 

a 

(• 

•. 

^ 

■j- 

nj 

-n 

un 

>v  c  o     • 

LP 

un 

o 

« 

JD    -1 

rv 

C3 

UJ 

« 

J> 

r^. 

v 

— » 

— < 

— i 

•v        in  r- 

— * 

ru 

m 

-H 

-H  u. 

ID 

-1 

nj 

a 

—1 

~l 

iii 

-H 

—1 

a; 

ru 

r\J 

^    •  ru   ii 

II 

ii 

II 

II 

u  *-> 

3 

nj 

^-» 

II 

nj 

u 

ru 

II 

i-om-^ 

*-> 

r> 

^  c 

'—J 

t— 

Z 

l- 

in  o 

l-H 

."7 

o 

I-I 

1— 

1— 

h- 

■f   Z    *    -> 

nj 

m 

h-     • 

>-  «t 

l-H 

1— 

-T 

tr     • 

J   1- 

l-H 

1—     • 

z 

Z 

~tT 

V    *    X   v^ 

•— ' 

•— ' 

v-<  O 

J) 

Z   Z 

1- 

7 

x 

*    cr 

r- 

■♦■    .T 

K- 

z  o 

X 

l-H 

«— « 

>— 1 

or  x  o  o 

cs 

C5 

O  m 

•-4  a 

2 

i— 

X 

x  in 

i-i  i-i 

z 

1—    !>■ 

a 

or. 

TT 

<Z  no  -t  Z 

5 

z 

Z    11 

G 

■X  o 

5 

Jt 

o 

CD    II 

o 

II    it 

C; 

X     II 

o 

a. 

a 

CL 

b.  -•   «    < 

«h  ru 

Ul 

■* 

< 

<  > 

O 

0.  u. 

JO 

a. 

u. 

ru  > 

-H 

o 

~>  a. 

r^ 

a  > 

o 

ru 
ru 

X 


0-        m  to 

^^         nj  i-H 
*->         <JK 
•■         _!  l-H  > 

-h       oarorcrrroror  >ujui 

^-'  ZUJUJUJUJUJUJ>>>UJCOI-H 

to  ««>>>>>>iLiu.'UJe03or 

a  -ujuuujujujujiocococoh-i 

»  *-*  co  co  co  to  to  to  —i  ru  m  *  o  I— 

^  m        <S(JOU(!(;i9l9 

!-"»>-  -J   _l 

*->  -HZ_I_I_1_I_I_J_J_I_J_I_I 

13  ---UJ_I_I-J_I._I-J_I_I_I<«I 

Z  _JC<<t<<<<<<l->U 

*I  CH'JUUUUUUUUnn 

.  ZU^«->'-i'->^»-'--^>-><-*0-l 

■>        <f  (j  -h  ru  m  *  in  jo  r«.  oo  tr  »H  -i  >■ 

»<         .III.!.        I        I        I        I    t     <t 

j      r«.      Boacseaosooani- 

— I   IU   -H  V    UJ  UJ  U!   UJ  IU  liJ  UJ  UJ   IU  UJ  IU   T   CO 

ru73nj_l«t«»«««»»«»ZcD 

Z  ThHI-KI-l-l-l-l-hl-HC; 

Cf!  I-   m  >-   <  C5  15  C5  t'   O  U   C  O  15  O  l! 

hm   z  -•>-^--'^'^>-'^v^v^^.v^v^j_; 
ii  or  o  .r       u.  u.  u.  u.  u.  ix.  u.  u.  u.  u.  u.  'i  < 

^0  a.    OIUJHMHHMMMHMMM  (_><_) 


*^ 

^^ 

^> 

^^ 

O 

l-H 

I-i 

KH 

l-H 

o 

^-N 

/— V 

^*- 

*^ 

/—v 

#— ! 

>— 

\^ 

I-I 

l-H 

ru 

nj 

>-H 

«-H 

m 

Ul 

^-i  UJ 

>— ' 

*^> 

.-v 

a, 

«-i 

-—/ 

a- 

3- 

-H   _l 

ai 

nj 

X 

I 

in 

m 

I 

X 

t  1- 

nj 

ni 

* 

* 

i- 

■j- 

* 

* 

C    l-H 

ru 

X 

X 

l~^ 

r*t 

X 

X 

*— » 

^^ 

UJ  1- 

*H 

* 

* 

I-I 

-H 

* 

* 

T 

-J 

*     •» 

« 

/-> 

/— s 

u 

^V 

,-i 

^^ 

— ^ 

*~r 

►-  cr 

rH 

HH 

I-- 

o 

Q 

"J 

—> 

o 

c 

IU 

Z   -1 

11 

v-^ 

V— • 

o 

j> 

v-i 

*-/ 

J 

J> 

-D 

i-H  ru 

i-i 

ru 

3 

u. 

II 

II 

it 

u. 

II 

II 

Z 

rt 

— i 

II 

II 

1— s 

*~ 

II 

n 

>-^ 

^1 

l-H 

a  i- 

or 

«- 

i— i 

/-» 

KH 

i-i 

^— ^ 

/~i 

~j 

-> 

1— 

►-I  z 

i— i 

HH 

I--I 

v> 

s« 

-> 

—> 

V 

u 

z 

\-*  l-H 

c 

II 

>^^ 

v^ 

Q 

c. 

S-* 

u 

Q 

O 

G 

u.  <x 

o 

—> 

^ 

U- 

<r> 

> 

3 

u. 

O 

^> 

I-I 

l-H    Q. 

CO 


o 
o 


O 

o 


D.5 


< 

UJ 

1 

-— 1 

Q 

a- 

(X 

3 

r> 

<% 

•-J 

^ 

3 

Z 

^ 

O 

t-l 

* 

* 

* 

*-\ 

x 

X 

I— 

j) 

* 

U- 

* 

* 

^ 

u 

^> 

o 

to 

z 

UJ 

o 

• 

UJ 

»-« 

o 

X 

1— 

7T 

o 

o 

* 

UJ 

UJ 

X 

Q 

_l 

O" 

\~t 

U_ 

* 

■X 

Ul 

u. 

X 

o 

o 

C/l 

< 

* 

X 

• 

r*l 

cr 

o 

X 

* 

2- 

a. 

UJ 

* 

£ 

o 

x 

«-^ 

<I 

3- 

« 

T. 

* 

X 

1 

UJ 

U1 

c 

_l 

V. 

* 

O 

* 

X 

Z 

<_> 

J9 

< 

I-I 

* 

s: 

i~\ 

1— 

<: 

1- 

u 

z 

U- 

< 

>- 

-wv 

(V 

o 

I 

UJ 

V-l 

X 

(J 

* 

3 

< 

X 

X 

r; 

m 

i-i 

< 

* 

X 

a 

Q 

<* 

* 

UJ 

X 

X 

UJ 

* 

■>■ 

0. 

X 

* 

co 

oc, 

co 

* 

* 

UJ 

a    » 
:>  aj 


-> 
u. 

UJ 

o 

Q 


/-  ^  -5  -> 


^  O 
U.  (J 
+    + 


(J   >         -n 

+    +         — • 


o  m 


fTimaj        -*rufr   +   i/iiji^(e 


—I    >  ^    O   I-i    -*    — i   v_;   *->    — I    — |    w<   w      ^  f— 

X  0^>-«_l^-'v->0£3^-'wOOru         O 

-iifn\i<Tii.u>sii.o>ii  t- 
*->  _)  nj  «->  uj  t—  M  M  ii  ii  ii  n  n  n  i-i  II 
I—    I         >->-<?^>^-.^^^-v/-^/->^.^^        ru  .-^ 

«tf    O   H-    «f    *    Ul    r-*   ru  f*l   :*■    IT.  J)   P-   CO    O  ~-4  *H 

ctfUMQ'raxi-i-i-i-hi-t-i-  i-i  t— 
oruaa*jjoaaoooooono 

U.  a.U-_l*>->-l—  I—  l-l—  l-l-C-Jt- 


I —  I —  1—   i — 


r3  O 
t-  I— 
II     II 


r\i 


ai 


v-         -<  ~i   .r         ru  v.  -i 

LJ  Z            II    fJlL    UJ   IV   N.  || 

"D     H                I-I    l\J     *-•     Zi     f\J     W  I-I 

^  /-^  ,-,  ^  r-,  r~.  <-y  t.  ft   c            i—t:       I—  c 

lumjuijjMXMO.     i  •-  h  -j  h  h  <  tai 

uuvwwwi-  >-io<-i7:T"i—  2:  r.  c  — i 

.?   <_•  it;          >-<  ft    Z   i-<    J'  L/l 

onuorrciiroiio 

i_>  >-i  >  o  a.  u  u  a  ii.  >  o 

c  —I  -h       nj 


*-*  _l        -<  CO 


O  uhUX    J 

2  t-  O  — I  G  (J 

•<  O  I—  >—   —l  M 

»  t-    *    —   v.   X 

J-  >  uxh     >UJ 

*  v  .*  ^      *   — l   ;> 

-i         —<         ru  m  -H  *-   X  o 

II         fuunjnj\f\j--(0nj 
i-i        ru;Drufu^-'ruw_ I  nj 
7!.  k-  I-     I 

mcci-i-ii-H<i-*JCI- 


II         n.  uj  ru 

i-i        ni3aj 
ru        z 


f  7   lr-7    O 


ir.zrzrcDZcr 


I—    I—    1-    I-    H-    H 

c  o  o  o  o  c 
I —  ) —  >—  1 —  ►—  I— 


II    X   o 

•->  a  o 


i-Hp.  i-ii-i^ri-ii— i  i  m  a  n  h < 
i  no  iiKcasooro^af 
a>c.-5a.uo.a.u.au.       o. 


c  a: 
o  a. 


(5 
O 
(It 

a. 


m 

ru 


D.6 


co 
o 

co 
10 


Id 

Q 


—4        —i        ru        — i 

II        ru  uj  ru 

►h        ru  3  ru 

D  J)  2  O 

•  u"l   -J  I—  >-h  ►-      • 

O   -I    +    2  I-    Z   D 

m        •-•  >-i  z  •-•  r- 

II  o  ii  cc  o  cr  ii 

>q*io.  ui> 

in 


u. 

UJ 
Q 


.0      v 

u.   « 

»  II 

* 

II  -J 

/^ 

►H 

>» 

< 

>. 

ae 

V 

uj  a 

* 

_i  a 

>- 

o  < 

■a 

<-<  o 

_J 

x  o 

UJ 

UJ 

Q 

>  a 

UJ 

O 

O  (J 

>-* 

UJ  < 

u. 

o  3: 

u. 

<  < 

«t 

r  q 

ce 

< 

t- 

o  or. 

i-i 

• 

UJ  < 

in 

>  a  . 

O  UJ 

i- 

x  a: 

UJ 

bj 

UJ 

rr  o 

X 

i- 

CO 

o 

ru  m 
II        ru  uj  ru  ru 

t-t        ru  3  ru  ru 

c        z 

Jl   IMI-  M  h>- 
H  +   7HZZ 

o  it  a  o  ct  a 
o  "j  a.  •_>  a.  a. 


*  ru  m  ru  -h 
h  ru  •     •     ■ 

II  I  UJ  c  o  c 
HI    II    3    II    II     II 

*-%  Z   ^  ^-\  /-s 

r  m  m  h  nj  m 


O  Q  K-  t 

cs      -i  u>  <  i-i 

•.  a  x  i- 

-i  _j  c    »  y-  uj 
•  t-  -h  >  jo  * 

O   H  \  a   IU  X 


■h  oil  jj  in  \ 


JJ     » 
U.    « 
»    II 
* 
II 

Z  <-• 
o  >» 

UIM\ 

(J  H-  N. 

<  CO  * 
*   UJ  CO 

o  <j>  a: 
o  z  3 

_l  o  o 

CO  O  X 

i-  ce  * 

Z  >-i    » 

UJ   <t   "H 

o  a    # 

Mil)    Jl 

uoriL 
u  « 
«x  >  * 

OQ    II 

JC  o  >• 

UJ  < 

on  j 

UJ  3  UJ 
CO  <  G 
3   (J 

<  o 

CJ  >-  l-l 

<I  u. 

>-   JU. 

<  UJ   < 

_i  c  a: 

uj       i— 

a  u 

x  M  _i 

3  <_)  U.    <t 

OlHlLt- 

»  u.  <  o 

5"  Ii.    CC    V- 
>-<•-* 

»a  •*  x 

X  t-  x  cc 
h-   *  in  ru 

»  X    "v.    X 

r-  m  -^  n.  < 


►1  x 

_l  m 

>-•  * 

ao  CO 

<t  i- 

00  o 

o  < 

or  a. 

CL   £ 

<  w 
X 

in  O 

«    UJ 

u.  i- 
o  u 

UJ 

•  a 

o  x 

Z   UJ 

« 

_l  X 

<  ru 

I—  * 
O  <-> 
I-  CO 

«  UJ  . 
X  UJ  ■ 
m  a:  ■ 

*  c» 

UJ  UJ  / 
_i  c  ( 
CJ)  w 

z  * 

<  X 

ui 
i—  * 

U  /-> 

<J  I 

0.    Q_ 


*  * 

X  X 

m  in 

*  *\ 

s  « 

ui  >- 

•xi  < 

a  _j 

CO  UJ 

*  o 


_i »-« 
q  in 


cr  z  ru  — i  nj  v  *    *   >—  z  ivs  *    >  fu  if  u 


ii  i-i  ru  w  ru 


*  a.  »-  <  y-  «i 


< 
uj  u 


i  z  u  u  ir  or.  ^  m 
ozocerrcei-eu.ce 

01-00.0.0.0.   >-<0- 


3    3 

3   O 

x  r 


ru  ^  co 

i-  a 

*-   <f  3 

i  7  r  o 

■  Ha  i 
a  o 

idll.  f 


iy)  ru  ^  i-i 


3  t-  «  Ii. 


ce 

CD 

ru 

00 

3 

ce 

• 

ce 

Q 

O. 

in 

a. 

T 
1 

^ 

—4 
U. 

ru 

^^ 

ru 

UJ 

X 

CO 

i—i 

« 

ru 

r 

or  -o 

ru 

_J 

3 

~H 

^-, 

LT 

ru 

3 

— i  ■— . - 

ru 

(J 

CO 

I 

• 

CD 

X 

t— t 

+ 

O 

z 

in 

t- 

+ 

o  z 

H- 

X 

/"N 

1- 

1— 

—\ 

Z 

<~*\ 

y-  >- 

Z 

UJ 

l-l 

% 

u. 

l-H 

l—i 

•w 

i—l 

> 

w 

o 

/-«» 

v 

rr 

w 

o  ^ 

ce 

V 

OS 

ts 

1— 1 

o 

0. 

ID 

C-1  >-« 

a 

* 

a 

v^ 

• 

re 

s^ 

X 

0L 

/-\ 

13 

m 

^s 

Q- 

r^  O 

r> 

ru 

* 

^1 

z 

-H 

a 

* 

-t  Z 

cr 

* 

r* 

1 

< 

u. 

• 

/-N 

i  < 

i 

U-l 

>-4 

c 

•«, 

« 

o 

-5 

o    «■ 

a 

o 

* 

•-^ 

UJ 

> 

a 

UJ 

* 

W 

UJ  ■> 

UJ 

* 

< 

% 

X 

• 

* 

# 

• 

k 

X 

•     » 

i 

« 

-«: 

-i 

^ 

1 — 

or 

cr 

h- 

—1 

z 

i—  or 

i— 

*H 

i_> 

n 

h- 

z 

ru 

U. 

UJ 

z 

II 

1- 

Z  ru 

UJ 

Z 

II 

o 

1-* 

II 

K-< 

ru 

v> 

3 

►-H 

fM 

II 

►h  ru 

3 

i-i 

i—l 

_i 

a 

^-> 

X 

1— 

Z 

I 

o 

r-\ 

IX 

Z 

a 

a 

00 

• 

en 

H* 

a 

i- 

•t 

V-H 

a. 

• 

rr 

* 

•-J 

a.  ►- 

i-i 

a. 

• 

C 

c 

—4 

•^j 

>-< 

z 

r 

1— 

>— i 

o 

-H 

+ 

^.^ 

►H   z 

h- 

<— i 

o 

ru 

u. 

m 

_l 

v^ 

H-- 

~ 

Z 

v—/ 

1/1 

1—f 

_l 

v^«  »-i 

Z 

s^ 

r- 

o 

ii 

o 

Q 

u_ 

Qc 

6 

a 

u. 

II 

o 

II 

Q 

u.  ce 

O 

Ii. 

ii 

a 

* 

> 

o 

H- 

•— i 

0. 

U. 

o 

i-i 

> 

o 

"> 

i— 

►-!    0. 

CJ 

HI 

> 

a 

ce 
19 
O 

ce 
a. 


un 
m 
ru 


D.7 


UJ 

is 

< 
a. 


X 

x 


(JL 


co 

or. 

a 

x 
i 


z 


or  ~>  a.  t— 


^-x 

ru 

jj 

ar 

= 

*-* 

z 

■» 

•H 

t— i 

ru 

HI 

-^ 

o 

1— 

c_> 

1— 

o 

JD 

-> 

nj 

o 

r~^ 

UJ 

ru 

—> 

bJ 

LT 

w 

a: 

\_/ 

_J 

m 

<t 

CO 

h-4 

^^ 

CO 

»— « 

^^ 

w 

>- 

^^ 

v-< 

ru 

m 

in 

a 

"V 

^ 

Q 

-1 

1— 

3 

i- 

-< 

>^ 

s: 

C3 

I 

ru 

o 

I 

ru 

H- 

<r 

rvi 

I 

• 

o 

_j 

V 

v> 

l-H 

« 

to 

^3 

CO 

1— 

►- 

■< 

U 

UJ 

• 

1_1 

UJ 

• 

co 

—1 

• 

z 

t- 

o 

U1 

to 

«, 

UJ 

o 

X 

o 

Z 

c 

< 

co 

a 

w 

> 

m 

^ 

> 

m 

c 

UJ 

m 

H- 

z 

1-7 

—i 

>- 

* 

00 

Ol 

l_> 

•H 

o 

►— * 

(.) 

u. 

o 

ru 

*h 

Ul 

-H 

<_] 

c 

-4 

% 

n 

u_ 

< 

* 

< 

V 

■«t 

^ 

^ 

•. 

i_) 

ar 

ru 

DO 

u. 

*■ 

no 

u_ 

^ 

b. 

/—l 

ft 

O 

^ 

r? 

CO 

.«-* 

UJ 

Q 

1— 

* 

^ 

u. 

1— 

U- 

« 

Ul 

ru 

u 

_J 

« 

Lfl 

o 

_l 

^ 

o 

_! 

* 

►H 

a 

'^ 

# 

I 

or 

UJ 

1— 

—1 

►-< 

>- 

II 

^^ 

z 

O 

r-~. 

< 

c 

r~. 

UJ 

»— i 

ru 

* 

1 

* 

* 

« 

i 

* 

1— 

Ul 

* 

*-/ 

^ 

_J 

Hi 

o 

1— 

< 

«. 

^ 

_J 

IP 

^ 

t-H 

J} 

1— 

u_ 

r- 

a 

or 

'_> 

*— V 

a 

ii 

(_) 

#-s 

rr: 

II 

Q 

u 

:> 

II 

o 

*-% 

►-* 

y-^ 

<r 

*-t 

1— 

■< 

IX 

UJ 

■x 

< 

re 

!U 

<_s 

z 

o 

• 

*~S 

< 

(.J 

• 

-w^ 

UJ 

i_> 

a: 

4C 

r 

jn 

K 

00 

c? 

1— 

* 

< 

/-% 

z 

a 

V_* 

-H 

>- 

H- 

X 

CI 

cc 

N» 

_l 

o 

3: 

< 

■X 

1- 

»-t 

«, 

o 

*— 

u. 

•, 

o 

^- 

rr 

•. 

<j 

-> 

s_> 

ru 

X 

^ 

^_> 

in 

I 

CJ 

>- 

a 

I 

1— » 

*I 

■ 

_J 

• 

_l 

o 

a 

* 

<. 

o 

+ 

*~* 

K- 

r~< 

X 

UJ 

>- 

o 

u 

t: 

z 

O 

U) 

r 

r* 

C 

o 

x 

re 

* 

1— 

ru 

o 

m 

V- 

-> 

u 

-X 

-I 

i— 

(_) 

\— * 

to 

* 

o 

fU 

a 

rj» 

a 

f— 

< 

X 

u. 

• 

3 

a. 

»—i 

>. 

Ul 

>■ 

1— 

1— 

* 

3 

* 

1— 

■It 

3 

* 

1— 

* 

3 

* 

K^ 

o 

* 

<i 

<w* 

c 

* 

-X 

> 

o 

-K 

<t 

»- 

>- 

> 

UJ 

--^ 

— i 

i— 

UJ 

►- 

-It 

to 

in 

o 

• 

u. 

1— 

* 

K-« 

* 

+ 

T 

to 

X 

-»- 

x 

cc 

X 

+ 

x: 

co 

X 

^> 

t~ 

1— 

X 

UJ 

h- 

1— 

X 

UJ 

_l 

1— 

X 

UJ 

t-\ 

JD 

CO 

o 

* 

» 

*M 

* 

■»■ 

• 

k 

>f 

« 

V. 

l-J 

C3 

•M 

1U 

h 

— i 

K 

X 

_l 

^\ 

ri 

*. 

o 

'-N 

3 

* 

o 

/-i 

3 

«. 

rr: 

ru 

o 

% 

rD 

o 

^ 

o 

Q 

« 

c 

•-I 

K 

o 

«. 

Q- 

t— 

w 

ru 

>- 

>— 

o 

3" 

00 

v. 

K-* 

-H 

v-^ 

i 

"i 

T. 

nj 

o 

t~* 

—i 

CO 

fT» 

~H 

aj 

CO 

:»- 

— * 

m 

to 

in 

^H 

• 

1— 

OO 

— I 

co 

t— 

p- 

~H 

CO 

»— 

00 

-H 

to 

»— ' 

ru 

(J 

rr 

nj 

UI 

z 

_J 

li 

_i 

UJ 

z 

m 

J- 

d- 

"V 

2: 

V. 

\ 

cr 

m 

-H 

— I 

m 

— . 

< 

*s 

n 

."n 

V. 

\^ 

II 

rr- 

X 

w 

li 

ti 

"v. 

c 

II 

m 

N, 

or 

n 

Tt 

>^ 

or. 

II 

m 

"V 

a; 

r- 

II 

-t- 

u_- 

m 

ru 

3 

»-* 

o 

»— ! 

s 

3 

►-* 

ru 

*— » 

ru 

V-* 

o 

1-1 

o 

• 

ru 

V 

+ 

ru 

•*** 

1 

h- 

^-> 

ru 

*~* 

h~ 

/-^t 

ru 

v> 

*--^ 

i— 

*~\ 

ru 

fc-* 

ru 

-^ 

ru 

v-» 

i 

r~* 

ru 

«— / 

<t 

«^\ 

ru 

\^ 

<c 

co 

•— I 

n 

3 

ru 

z 

CK 

1— 

►— 

3; 

or. 

1— 

1— 

z 

or 

« 

-j 

V— 

I— 

t— 

o 

O 

— i 

}— 

y\ 

o 

ru 

1- 

ru 

o 

m 

1- 

u_ 

1- 

1— 

_j 

'-P 

1— 

_i 

J) 

1— 

_J 

o 

>- 

Z 

*— 

1-1 

a 

II 

— ( 

ii 

►— t 

a 

i- 

«l 

1- 

<J 

c 

ii 

—1 

\-> 

i— 

< 

o 

1— 

-<t 

or 

1- 

v-' 

1- 

<r 

ru 

I'- 

«_* 

1- 

■i 

• 

i— 

»-v 

i— 

■« 

« 

X— ' 

i- 

< 

_i 

^^ 

1- 

<t 

_) 

*-/ 

1- 

<t 

_J 

o 

ru 

o 

►-« 

1- 

z 

£ 

'-' 

>- 

ru 

_j 

'^~ 

* 

z 

i 

Z 

T. 

l_l 

UJ 

UJ 

i- 

II 

a. 

ii 

z 

KM 

a: 

II 

£i 

s: 

■x 

< 

II 

X 

1— 
.o 

,_, 

X 

ll 
3: 

1— 
CO 

,fH 

rc 

ru 
rv 

n 

X 

CO 

2 

s: 

* 
II 

1— 

CO 

^, 

o 

1— 
CO 

^_ 

o 
a 

l— 
CO 

Z 

X 

o: 

o 
o 

II 

00 

ru 

ii 
to 

1— 

Z 

»— t 

i-i 

rr 

>-• 

a 

o 

ll_ 

c 

o 

o 

O 

u. 

or. 

o 

cc 

c 

< 

u. 

u_ 

cr 

a 

T 

a 

o 

o 

7J5 

o 

rr 

c 

^\j 

~~j 

o 

2r 

o 

u. 

3 

o 

■X 

o 

o 

ar 

o 

o 

or 

O 

o 

or 

a 

>- 

O 

> 

o 

o: 

a 

(J 

»~* 

1— 

Q 

i- 

u 

H-t 

a 

u. 

Q_ 

u_ 

UJ 

a: 

UJ 

UJ 

a. 

U. 

•"3 

a. 

u. 

« 

(O 

<-> 

a 

M- 

U- 

<o 

(_) 

rx 

u. 

■. 

co 

<_> 

a 

u. 

►— 

(_) 

a. 

U- 

* 

O  0. 

Lu 

* 

o 

a. 

u. 

* 

(_> 

o 

<_) 

l_) 

0. 

t~ 

-H 

—i 

.-< 

-H 

«H 

—4 

—\ 

o 

*H 

o 

00 

3 

J3 

»-i 

nj 

m 

j- 

in 

-D 

n- 

cr 

ru 

ru 

ai 

m 
rvj 

ru 

a. 

x. 
o 

m 

m 
ru 

m 
ru 

m 
ru 

m 
nj 

rn 
ru 

m 

ru 

m 
rx- 

m 
pj 

ru 

D.8 


UJ 


<  * 

* 

II 

f\J 

UJ 

• 

u. 

J3 

•h  a: 

u. 

« 

_j  < 

* 

ru 

_i 

* 

• 

UJ   _l 

V- 

in  ^n 

o  o 

< 

U.  OJ 

i-l  O 

*    • 

> 

1- 

*  o 

CC  UJ 

UJ 

h-    -0 

UJ  Or  /-> 

UJ 

<  u_ 

»!D* 

U. 

* 

I—    • 

1—  * 

cr  :d  p- 

* 

IJJ  II 

<  u.  u_ 

V 

UJ 

UJ          » 

o 

U_    UJ 

V  u.  * 

t 

3 

1    O    II 

r-  uj 

u_  o 


ru 

_)  • 

*-»  —<  rn 

r>-  <  — i 

w  or  u. 

i-  o  « 

to  cr  * 

o  <  II 

o  a 

»  o  ►- 

i-t  *  u_ 

<_)  x 

■    »  c  or 


ii  _i 

< 
UJ  to 

<_)  « 

Z    X 

<  o 

Z  -t 
UJ  V 

I—  V 
z  ». 
►i  ru 


cr>  ^  a 

O   V   to 


UJU  JH 


QC  Z 

O  UJ 

u,  to 

UJ 

to  or 
or  0. 
o  It 
I-  X 

O  UI 

<  -H 
U.  V 

* 
<    l_>  I- 

u.  >-i  co 

UJ  £   UJ 

»  c  a 

0.   Z  UJ 
U.  O  I- 

UJ  l_)  z 
»  UJ  l-l 

»-l  * 

a;  x  i- 

»  □  2  c 
J-<UI   lh 


*tn>».a.co^u*in 
_i    v  v  ^  or  x  o 

CJ>  -h        in  ru        UJ  in  (_> 
ll  *       a:  *       a  -i 


u.  <-^ 

UJ  CO 

*  — 

^  Q.  >- 

an  u.  to 
"UO 

I-    *  U 

lO   >  + 

O   _J  r^ 

t_)  CO  r- 

II    II  >-" 


CO  ^» 

O  «■> 

O  .0   <  .-n 

I  ^  U-   -I 


to 

o 
o 


o  * 
i  r 


Z  X 

ui  m 
to  ru 
UJ  - 
or  * 
o.  i- 

C0 

UJ  o 
I-  u 

I-  I 

co  I— 
^  or 

*-  o 

Z  I 

UJ 

x:  t- 

z  z 

Or  UJ 
UJ  to 

:>  uj 

o  or 

CJ  o. 


<  <t 
i—  i- 

O  UJ 
I-  ►-• 
*  (-> 

X    O 

-I  CO 

*--J 

X   < 


* 

UJ 


UJ 

a 


o  _i 
-h  _i 

N-l     < 

V-  I— 

to  co 
c  z 
(_>  t-< 


UJ 

o 

z 

<->  < 

-t  z 

-H  UJ 

y~- 1— 
I-  z 
to  •-• 

O  1 
U  X 


CO    *    r>         CO   *     * 
C   X    *  O  I    X 

UH   I  O   -I   .-I 


cc  * 

C   I 
O    -I 


C5  X 

O  -I 


.H    C   Hh 


<    _!*-'»—    <-JV-< 


C£    tO 

o  o 

U_  u 


z  s 

•-  or  o 

OC  o 

a  u.  * 


<_)  a. 


or  o  * 

n.  u.  u. 


co  cc   ii 

a  o  -j> 

t_<  o  o 


-=> 
a. 
t: 
a 
t_> 


o— i  m  x  i—  »-tj-x    *~tLnxx~*aix— ir-x-n 
in  in  »  co  *   im-ixintocHi/i  *  cc  m  *  co  in 
njrunj^-'    ^ajaj^Hajoj^    ■.ruru*— ■ruru^-'ru 
i  I—  x  »—     %  y-  ru  I—  i— 

lhl-l-4HI~(-<laj^h<  t  h-  I-  <  h  h  4  h 
IZZZT  «ZZX  iZZrrvZZZZ  ZEZ 
►-*»-*  »-h  or  -jt  »--i  »-<  x  in  »-4  «-i  :*.  m  t-s  *-<  .or  >-*  »-«  tx:  •— ' 
io:.o:xcxore:oma:a:oti.cri:ca:o:cor 
ia.Q.Q-u.-to.CLu.u.aau.       a.o.u.Q-au.0. 

-I  -i  -H 

m  j-  in  x  r- 


»  c  a 

x  i-     «    • 

r-  to  c  cd 

in  c  oo  cc 

v  uivm 

^\  *  in  in 

r-y  I  _1  \  -V 

*    Hr\<(Ul/l 

x     «.  <-•  I-  ru  j- 
—ix   +  ui  i—  I— 

UBIH*  « 

CC    UI    H  U   I-  I- 

-i     »  ^  O   O  Q 

— I    Y     00  CO   <l  t 

»  X    -l  <t  -I 

X    — I    — I  D    +  * 

CO       »      «  UJ    _l  _J 

\    X    X   ►-    CTj  JS 

\  oj  cn<  c  O 


_l    -H 


<    X 

or  -i 


x  i- 
i-  co 
i-i  o 


i-  i—  ►-  t-«  ol  a: 
t—   -i  t    -l   I—  llj  u 


Z  X. 

y~t  ix 

■x  o 

a  u 


a  o; 
o  o 
u.  u. 


CO    II  II 

lu  ru  in 

nj  J- 

uj  uj  UJ 


CO 

o  o  to 

or  i_>  o 

o  + 

Z  J13 

u  <  o 

i-   ii 

_l  O  I- 
_!  I-   3 


O    * 
Z  X 

t_> 


CHOI   J 

in  m  in  a. 

ru  ru  tu  T. 

o 


co 

UU  -inix 

I  u  in  in  cc 
O  \  i\j  njw 
Z  Z  I— 
t_J  UJ  i—  i—  < 

II  IB  Z  Z  I 

Z     II     M   M  I 

'dJ  U  I  ii  o 

ii  od  n.  cl  ii. 

m 


o 

_l   -H 

<  in 

I-  ru 
o 

I-  I- 

*  z 

*  f— I 
X    X 

-H    0. 


in 


D.9 


II 

* 

^- 

% 

a. 

u 

X 

o 

to 

UJ 

-i 

¥ 

X 

*-* 

K 
E 

* 

T 

•-I 

H 

r>- 

«. 

* 

* 

•v 

± 

X 

X 

— 1 

ru 

■3- 

ir. 

cc 

■-* 

IX. 

in 

r~ 

nj 

H 

nj 

ru 

ru 

-H 

1- 

<* 

• 

F- 

t- 

o 

^ 

s: 

*■ 

Z 

T. 

h- 

»-H 

m 

m 

*~ 

t— t 

a 

X 

o 

LL. 

X. 

oc 

a 

i- 

nauiii 


DJO 


UJ 

19 


3-  in 


nj  rn 


ru 

D 
Lfl 

+ 

ru 


.  n-        o  in 


o  o 

3-  m 


«.  o 


>- 

in 

« 

m    » 

I— 

« 

1/1 

»  *■ 

CO 

-* 

-H 

or  r>. 

_l 

ro 

in 

• 

ru     • 

HH 

O 

• 

m 

•  m 

< 

» 

nj 

% 

*    «. 

a 

/-\ 

» 

X 

»  3- 

a 

■*• 

/-> 

■*■ 

X 

3-   00 

rr 

aj 

3- 

00 

• 

ru     • 

<t 

u 

ru 

• 

•H 

•  m 

^ 

IL. 

»-/ 

a 

« 

ru    » 

o 

UJ 

X 

» 

CD 

«.  l/l 

O 

UJ 

oc 

JD 

JS   00 

or 

» 

a 

in 

• 

m    • 

c 

r* 

« 

• 

o 

•  -H 

u. 

*■ 

r> 

3- 

« 

3-      «. 

ru 

*■ 

V 

-H 

» <r 

*-< 

«— ' 

ru 

-^ 

m 

J3  3- 

or  Q 

«*    IS 


^  nj  i/i 
*  ru  • 
ru     •  ru 


UJ  co  /-^ 
>  uJ  3-  . 
lu  »->  ru 


i    »  a-  • 

/- »       •  -4 

'  *  c  » 

ru  ^  o. 

w  /^  m 

5-3-  • 

.    %  ru  c 


in  me 

•  ru  ru 
ru  •     • 

in  mo 

•  ru  m 
ru  •    • 

->  c  a 

o  in  in 

•  ^  ru 
in  .    . 

ru  c  c 

in  co 


oo  r- 

o    • 


<H2 

or 

liJ  uJ  ■> 

Z  >  uJ 

>-*  uJ  co 

)—  co  >•* 

z>  z 

C  U-  o 

■K  O  E 

CO  X 

Z3  -n  o 

Jit-  uoom 

CO  -H 


II 

■s  ►-« 


^  x     »  n- 


>-!    X        • 

CO   >-<  J> 
Z  » 

lu  <  ru 

I  h  nj 


3-    -4 

ru     • 


II    o 
>  ^  >-•  3- 


'  in  in  *— '  o 


TO    30 

•  p- 
o    • 

«.  ru 

m  «. 

m  m 

•  O 
O  • 

»  ru 

—*  « 

-h  ru 


••  o 

m  «. 

oo  -i 

.  r 

o  • 


\    »vi  \ 


m 


*  wee  in  ^ 


rv  ru  >     • 

m  J3  w  c 


p-  <t  p- 

in  t~  3- 


m  o  p- 
ru        -4 


n»  ru  <  t 
m  ja  o  o 
-n  ru         *H 


v->    «.        ru  «-<  >-i  x 

oxor-    »  /-\  ,-\  >— •  •-*  iii 

3-U.ICT3-4l-«l-<XXOuJ 
•  O      •      •    II    v_.  w  <j>   >    II    Z> 

c^njr--ix>-ii    HnZZ 
•.         »    »        II    n  /->  <-n  i-i  i-  rr 

3-1—    C!    X  MM^^U-it-Q 

.<      .      iQuvjOUIOliiZ 

oami/iciii.iJ>ouiiu 


ru 


ru 


z 
o 
u 


D.I 


til 

15 


■3-    in 
■3-    i/1 


in  r~ 

ru  m 


a  m 
J3  ru 


IT.    in 

ru  ru 


_l  'O 

>-!  o 

<t    •. 

at  <-. 

O   -*• 

a.  ru 
■<  •-< 
3  u.  ■ 

O  lU 
Q  I 

tr    »  i 

o  <-• 

(L    J"   ■ 


J)       » 
-  CO 

o  oc 


3-   -i     • 
ru     •  ru 


cr  m 

J]   x 

«.  j- 
.c     • 

-\  *■ 

m  -o 


in  r- 
ru  rn 


in  n- 
nj  m 


ru  r* 

— i  m 


*.  -*       in  o 


ru  in 
— i  ru 


cr  ^ 
rr  a 
<  o 


x    »  m 
o  o-  m 


ai  ru 
m  o 


ru  in 

-h  ru 

in  c 

ru  in 

~t  ru 

m  in 

ru  ru 


O  ru 

<r  ^ 

u_  U. 

Ll,  (/)  /-. 
>  Ul  J- 
UJ  --1    -\1 

en  I-  »_< 

cr  •-•  -* 


ru  "s  m 

■^  ^-   IT 

>-  s-     • 

>ni  o 


a:  v  x    •■  o- 


uj  u-'  > 
Z  >  UJ 

>-i  UJ  CO 


IT   «-h  CD 

o  ^  in 


^  cr 

m  i-<  ru 
.o  w     . 

•  >-  a 
in  ^  -- 


■■  in 


a-  -h        run1 


ii   in 


V.  »  /"N 


j-  -h        ru  in 


«  o        -i  o 


II   in        i-h  r. 


i-<     •  x  »-•  m  >>    »  m  v. 


■  in  in  v  rr  — i 


I  •—  i-h  x 
v^  ^  u 


II    ~D 


in  ■ 


c  o  *—  ru  p-  i-i  x  >■   u    ii 


o  u.  c 


3:  i •  h-  r- 


(Oi-UOOm 


*   O   -C 

ru        -i 


x  I-     • 
•  <  ;n 

*  c  ru 

ru       — ! 


ii    ii  <->  —  •->  i—  rr. 


<   r^   cr   — i  ^  ■ 


►-<  v->  I-    D 


t-  -o  in  ►-  ru  r^ 


c  c  o  -i  in  o 


•^  ^  O  C  U  C  il    z 
tu.»>out:w 


ru       h  m 


D.I2 


'J 

<■ 

CL 


* 

a 

• 

3- 

• 

>- 

in 

ft 

in 

7. 

H* 

*. 

*- 

ft 

1- 

•r. 

cr 

i/l 

i- 

U. 

_l 

G 

o 

X 

m 

m 

< 

ft 

nj 

* 

a- 

oc 

/-\ 

% 

T 

ft 

o 

*■ 

*— * 

X 

r^ 

ru 

ct 

f\J 

Tt- 

cc 

• 

ru 

< 

w 

ru 

■ 

-H 

• 

3 

u. 

^ 

o 

% 

ru 

19 

Jj 

x 

* 

•H 

ft 

a 

UJ 

rw 

n. 

C 

3T 

* 

Q 

n- 

■ 

J3 

o 

^^ 

ft 

■ 

3 

• 

u. 

* 

r^ 

T 

ft. 

rf 

ru 

3- 

ft 

O 

ft 

►-* 

«— » 

rvi 

r 

r- 

ru 

t— • 

c 

W 

tr 

• 

a- 

> 

:» 

X 

• 

m 

t 

* 

> 

nj 

«, 

m 

a: 

*-* 

* 

» 

c 

ft 

LU 

*• 

r^ 

■J- 

K 

ru 

•-» 

nj 

^ 

ru 

■ 

-H 

a 

ft-» 

nj 

i 

-u 

t 

a 

a 

* — 

— < 

% 

ru 

•< 

tr 

X 

ft 

.o 

* 

T 

^ 

u> 

~\ 

o 

T 

j 

/^ 

• 

— i 

• 

O 

ru 

-H 

1 

*^ 

TJ 

•v 

a 

v 

II 

Li. 

u. 

%-* 

*-\ 

ID 

^-» 

»- 

or 

* 

> 

f 

• 

* 

a. 

LU 

CO 

*~\ 

ft 

to 

c 

ru 

c 

> 

UJ 

# 

^ 

» 

*i 

* 

UJ 

►-« 

fv 

* 

-H 

or 

— i 

CT 

>— 

\-> 

ru 

II 

n 

■ft.    II 

<-> 

>— 1 

■* 

*-/ 

*-i 

• 

►— 

=*- 

a- 

N 

X 

ft 

cc 

ft 

-I        o  o 


ru        h  m 


-t       mc 


ru        -i  ru 


-i        a  o 


v  m       /^  it.       «->  o 


cr 

«. 

r>- 

CO 

■ 

•ji 

□ 

t 

* 

ru 

3- 

* 

m 

00 

CO 

o- 

• 

ro 

a 

• 

* 

— i 

cc 

* 

m 

LT 

• 

Ln 

D 

■ 

o     • 


►h  ru 


ft  0"        /-*  m        ^  o       »-t 


.c  r^  >-i  jj 


U'  oo  o  <-  -i  tr 


•  P-    3-    ftv  0- 


r>-  ^< 
m  x 

•  13  i 


O  ll.  o  ~z 


'ij  <c  rn 
S  I—  *■ 
►-•  <t     • 

com 


o-   ru  •<   c  c  «i   o 


•  <     »    i  «j  ji  c  <     • 

nOM^atDi;.  or 
ru        -<  ru        -in.'        -* 


v-/     ft        nj  ►-**-*>< 

*ujr^(r-ii-<i-«xxQuj 

•  Q      .     i   II    ft/w(5>    II   3 
C  "  UJ   X  H   x>    II     II  r*  T.    ~?. 

ft  ft      ft  II      II     «   «    M    H    (t 

o<i  mnjrtn^MMvji-  3 

3-   ►—   O"    O  mhwwIl    71-D 

#«       ■      iC^uOOUOiJZ 

co-iLrc^u.(J)>oua:uj 

ru        — ■  nj 


D.I3 


1/1    U"l 
Ol    ru 


in  r>- 
ru  ro 


CD    & 


Q   *  , 

or  ru 


in 

r^ 

nj 

m 

ui 

o 

• 

a 

ru 

IT 

o 
cr 

CO 
CO 


o 

UJ 

m 

or 

ru 

—i 

t 

• 

ru 

ru 

oe 

«. 

O 

m 

• 

m 

• 

ru 

IT) 

• 

• 

o 

/— » 

*. 

• 

3 

• 

ru 

—4 

ru 

o 

o 

u. 

* 

*". 

:*- 

*k 

.*• 

•* 

*. 

•. 

•* 

h 

or 

:*- 

* 

O 

■h 

CO 

lfl 

c 

ui 

Lfl 

1— I 

*wV 

ru 

(T 

(T) 

a 

un 

■ 

• 

ru 

m 

>— 1 

O 

*- * 

r^ 

• 

a* 

a 

ru 

in 

t 

• 

> 

> 

X 

• 

m 

• 

ru 

-H 

ru 

a 

c 

*. 

> 

OJ 

v 

nj 

*. 

at 

•. 

* 

*. 

ct 

/-> 

% 

«. 

i/> 

*, 

£ 

ITI 

c 

c 

in 

Uj 

■J- 

S-* 

m 

<r 

00 

• 

• 

ru 

ru 

t— 1 

ru 

■± 

ru 

• 

cr 

a 

ru 

LP 

• 

• 

a 

v_/ 

r\j 

• 

OJ 

• 

ru 

-H 

ru 

o 

cr 

ct 

O 

II 

u_ 

i— 

(r 

a. 

LU  CO 

w  n  nj  +  -. 


a 

KH 

3 

cr 

>v 

UJ 

UJ 

> 

Z 

> 

LU 

i— < 

UJ 

</> 

i— 

10 

V. 

3 

Z 

o 

u- 

c 

X 

o 

S" 

x-oo  »  m        uiiri        i/i  o         *  — < 

O  r*-  ru        r^r*-  •     •       -h  ru  •or 

»  =c     •       x     •       ruru  ••        c     • 

^-v._<  o    .-,  _l    -H  CO  "•*    O 

=j-  cr     »  o    ■.  S     »  v     «  /-^v 

ru\n-  n.o  ^  in  /^  in  j-j) 

s-^^->*  /-^<r  *     •  j-  -h  ru  in 

>-•*-•  i~9  ruru  ru     •  *.• 

-ruo  ru  o  •.  — i  »  o  -<  o 

^>      »       «.  «.       ».  —IK  -<«.  II*. 

— "  — <        II   ui        ii   c:        m  nj 

r'j|lovliruv.>—.v»-i3-v»0"»»  /-» 

v_^  «     i        w     .          »  r-          »     •        ^     •  n 

X    *  oo          ■■co        ^  m        ^  o        »-"^-  :*■             ^  .-* »— < 

r~.      •.  ^>      «.  ►-•»  ►-<«  w      ..  ru  ^H    ►-.    X 

ZM*HtHn-r*wiiio^,L/ii/ix-t--H    •,  ^  *-\  *-/  ^  uj 
o^ox>^— icrx     •     ixr,  mujrriivHHMxxou 

r->    X       •      •>-       •       "U   r-    C    >       •       •  O       •       •    II     w  w  O    >    II    ^ 

»ux±wa^ui'<1lAwCJCutK>HX>'ll     II  r\Z   Z 
Z  «.      »  «      «.  »»  «    •  .  »»  II     II    r~ ,-n  >--.   H-    t 

'jJ<mj<l^3<JIC<Uia<TUl-lnrvHMUK3 

;F>—  r^i/ii—  crmi—     •     #  i-  f^  *■  i-  m  — i        ►-*•-•  w  w  ii.  2*  >—  O 

i—<     •     .<      .     i<mj<      •  .<      •     .owwQCJJDuJZ 

QO*moinj-c.rr;uicc  r;QmxQ3U-CSr>oo3:ijj 

nil        — t  ru        — i  ru        — i  ru        h  nj 


D.I4 


liJ 
u 
< 

n. 


ru 

in 

o 
v. 


(VI 

o 

Ul 

r- 

+ 

UJ 

ru 

• 

UJ 

*■ 

a. 

>- 

z 

h- 

►- 

to 

Li. 

_l  CD 

>-i  O 

<  * 

o  * 

O.  ru 
•<  ^-/ 

3  U. 

13  UJ 

O 

a:    * 

O  n 

U.  :*■ 

ru 

h-i  *- > 

>->  a 

>  > 

a  <^ 

UJ  * 
•-i  ru 
a  >^ 
a:  a 

<  o 
m   « 

T  *• 
O  ru 

-1 

or  «-< 

II 

u.  u. 

t- 

a 

* 

a. 

UJ 

co  ^ 

o 

> 

UJ    3- 

Ul 

»-t  ru 

CO 

h-  \-> 

UJ 

>->  71 

* 

<x  v 

(V 

ID 

UJ  > 

>* 

Z 

>  UJ 

* 

t— i 

UJ  .O 

r* 

H- 

co  V 

r> 

2? 

o 

U.   C 

a 

o  r. 

or. 

^ 

3 

CO  c 

or 

to 

h-  o 

UJ 

CO 

> 

H* 

UJ 

CO 

10 

;H 

UJ 

o 
u 

*  *  *      *  *      *  U1       * 

•  o  »  in  o  lti  am  co  j> 
cna  ohj  •  •  .  ru  ro  •  -h 
CD*  a-     •  uir>  ••  o     • 

•  m  •  in  rum  o  a  *.  m 

— I     *  dr     *  *     *  %     *  -0      * 

»  or  *  o-  oki  oo  -tr- 

a-  in  -icr  ••  mm  •  *■ 

m    •  i/i    •  in  r*  •    •  m     • 

•  -(  •  ru  rum  oa  *  »h 
r*    *       .o    *.  *    *  *    *  oo    * 

»  -i  »  -d  o  en  in  c  m  _d 

C  «-«  n-  n-  ••  m  *■  •  -* 

p*     •  oc    •  in  r*  t    •  m     • 

•  *  •  m  rum  oo  *  *• 
in    «.  in    v  *   *  *    *  oo* 

-  -i  -  -d  o  in  mm  ru  J> 

oc  :*-  in  ru  ••  njm  »o 

O     •  n-     •  in  r*  •    ■  — *     • 

•  m  •*-  rum  oo  *  * 
m     *  *    *  *    *  *    *  ru* 

•  o  »  -«  om  oo  j>  co 
^  in  m  :j-  o  ••  njm  «or 

*  o  •  m  •  in  r-  ••  ot 
ru  •  ru  tm  rum  oo  «  ru 
«->  m  »  ru*  *  *  *  *  —1  * 
x  *  -*  »  j)  mo  oo  in  ji 
ujcto  3-  ai  ••  ruru  •  co 
O  m     •  or     t  rum  »•  — i     • 

*    •  — 1  ■  ni  h  ru  oa  *  o 

/->*»  m    *  *    *  *    *  m    » 

*  *  r-  *  j>  mc  mm  ir  * 
ru  — i  oo  r-  oo  ••  rum  •  — i 
*->  r*  ■  coi  rum  ••  o  < 
x«m  «ru  -nru  oo  *ru 
>ru*  ru*  **  **  3-     * 

**m  *m  mo  mo  r*-03 

^>p-co  coco  ••  -nm  »m 

3-^»  ^<«  rum  t»  o     • 

»v»ru  «ru  -tru  oo  »-< 

-_-—i»  ru*  **  **  r** 

x**  *o  mm  om  s-x 

OJim  crcr  ••  h  ru  icr 

**•  cr«  ruru  ••  o     •     , 

'^•-h  »-<  »h-<  ao  vo 

*c*  o*  N,»  v*  /^* 

ruvr*  ^>h  ^*m  <->  m  *or 

»-''->*  /->or  *•  *^<  rum 

>»•  s-«  ruru  ru«  *• 

»ruo  ruo  *-h  *o  -ho 

^^**  **  —4*  -H        *.  II* 

*-<ru  -tru  n  m  no  moo 

iuiimvn*\H    inhuis    »^s  ** 

w  >--»    •  *-«♦  *r*»  *•  /-^'  •                               »-« 

x*ao  »cr  ^*m  ^-»o  hi  m        sr             /~,->^ 

^->*  /"A*  H-l*  H-4*  w*            ru                     HH    I-IX 

ZH-toP-HHCop-v^inuis^oox-i*-    »/~.^>-<v-.uj 

Ov-'Xoi-'iHcrx     •  •xcomujcrxi-'H-iH-ixxouj 

h-x    •  •>•    •  •tsr>-ru;>     •  »  a     •    i  n  w  vj  in  >  ii  3 
co>—  xmwr-mkjmjDv-'oa-^a-XH-ix^ii    n^z  r 

z         **  *  *        *  *        *  •        »*       ii   ii  .-n  /-n  n  m  a 
LO<orm<jco3-<cm<oo<r>-r--i^->'->>-'.-i>_'i-3 

TlH-^-OH-ma-H-     •  •H-mn-i—  mm       »-*  h-i  »— >  -^>\x.  7.  \—  d 

hh<     •  •  «r    i  kui  m<     ■  ■<     •    iO'-i'-'Oouoiu^ 
oommc>ji3-oruxc>oco-iiJQ"iu.o>o<ja:uj 

h  ru       h  m       -i  ru       h  m       -iru 


o 
<r. 

CD 
-D 
10 


D.I5 


(XI   D 


L5 

*. 

a 

<k 

S> 

rf- 

-D 

un 

U*l 

UJ 

cr 

• 

»h 

« 

O. 

• 

—i 

• 

ru 

>- 

ai 

*. 

* 

»— 

«. 

-D 

■*, 

OJ 

to 

ai 

IT 

00 

fv 

-J 

03 

m 

• 

*- 

• 

v-t 

o 

■ 

■H 

• 

ru 

■< 

*, 

nj 

*» 

m 

* 

a 

r> 

v 

a 

*. 

ru 

o 

:*■ 

y% 

o- 

*- 

-H 

a~ 

a 

ru 

■3- 

a 

• 

d- 

9 

<t 

w 

ru 

■ 

■h 

* 

r~1 

3 

u_ 

v_/ 

i—l 

*. 

OJ 

«. 

O 

UJ 

X 

•*. 

r^- 

n. 

CO 

o 

lij 

—1 

p- 

ru 

m 

a 

«. 

a 

03 

• 

— t 

• 

o 

/~\ 

•* 

• 

3 

• 

-H 

li_ 

* 

«— \ 

<X. 

■. 

m 

•h. 

ru 

:*- 

«, 

:*- 

*. 

m 

1-4 

N_/ 

rxi 

—1 

r>- 

x 

r>- 

»-« 

a 

\-> 

in 

■ 

o 

• 

>■ 

> 

^, 

• 

—j 

• 

— » 

t. 

> 

ru 

•k. 

m 

■*. 

cc 

/-^ 

«. 

■». 

-0 

V 

ru 

UJ 

d- 

*-* 

j> 

m 

a> 

■*■ 

»— 1 

ru 

*■ 

00 

■ 

J3 

• 

or. 

v_y 

ru 

• 

-H 

• 

-^ 

(XL 

Q 

v-» 

—1 

■» 

ru 

•k. 

<t 

O 

X 

«. 

00 

«k 

m 

ai 

■* 

C!> 

m 

o 

j? 

ru 

/-n 

* 

c 

• 

<T 

• 

o  m        co 


c        un  c 


m     * 


u_ 

u. 

w 

,— , 

-0 

*~s 

cr 

■i- 

• 

0. 

>- 

+ 

• 

* 

t 

ru 

C 

>  co 

/-* 

K 

ru 

o 

ru 

o 

•* 

ru 

UJ  UJ 

* 

•-% 

CO   ►* 

ru 

* 

■H 

— 1 

<-* 

o 

ii 

o 

-H    1— 

*— ' 

ru 

II 

^- 

V. 

II 

CO 

■v 

t-t 

• 

O  >-< 

jC 

\^ 

►H 

• 

>-i 

« 

•. 

c 

ft 

>». 

X 

0, 

m 

■* 

m 

*-\ 

O" 

!xJ   IJJ 

> 

2:  > 

UJ 

J! 

n 

— i 

□ 

*~t 

r^- 

ru 

•S 

o 

>-i  UJ 

CO 

O 

s_ 

LT, 

r- 

V— ' 

c: 

ru 

X 

t 

t—  co 

V. 

»-H 

X 

• 

« 

>- 

• 

» 

o 

cr; 

3 

^ 

CO 

*— * 

J- 

•— i 

v^ 

ui 

rv 

*^" 

r>- 

o  u. 

c 

7. 

* 

* 

«, 

«. 

*. 

t  o 

57 

UJ 

< 

TJ 

r^ 

<■ 

D 

J- 

-t 

o 

rr 

X 

r 

t— 

cr 

-H 

1— 

ru 

* 

k- 

V 

3  </j 

o 

►-« 

< 

• 

• 

*I 

« 

• 

< 

O 

CO  1— 

o 

O 

o 

ru 

ru 

o 

j- 

ru 

3 

* 

CO 

— 1 

ru 

•-» 

ru 

•-1 

»-i  m  \    »i/i  t 
>,     «        ^  ^-t  ru 


►-!•.«.*  »-\  ^^  ^-^ 

<-■  o   3  ru  >-•  i-i  x 

tn  x  .o  rn     k  ^  /-%  w  ^>  ui 
m  uj     •     •— *»-<>-*xxouj 

•  Qccr   n  ^  ^  o  >   II   3 
O-— •— i   H  h  x   >    II     II   /->  2   2 

»         »    ^        u    ii  /-  ^  h  m  a 

Jit    (^    X— './-%  <-»  >-<>-«  ^  l—   3 
ti  i-  +   m        mhu^IlZi-Q 

•  <       0      0O>—-^OOJJOUjZ 

cor^tro3-u.o>Qoa;uj 
"u        ^  ru 


D.I6 


o  o 
m  ru 


»  in 
cr  j> 


z 
i- 
u. 


*■    CO 


c 

1/1 

nj 

ru 

m 

nj 

• 

X 

• 

• 

m 

• 

a 

o 

* 

r^ 

%. 

«, 

in 

«. 

a 

Lfl 

cr 

ai 

ai 

ru 

• 

X 

c  *  <-i  r>-  o 


U-  --^ 

UJ    X 

c  UJ 


•■  :*- 

cr  in 

j;  ■ 

•  o 

,  ru  » 

Ln  cr 


o  o 
o  in 


>    X 

«.  > 


o  x 


*■  ^    •  a 

ru  *   c     - 


ru     » 
oc  in 


—*        — i  m 


ru  ro 


v   J>  ml/1 


Lfl 

c 

in 

T 

— * 

ru 

« 

a- 

• 

• 

a 

• 

n 

o 

« 

ru 

«. 

« 

ji 

•. 

D 

in 

ru 

cc 

-i        a  c 


:>  co 

UJ  UJ 

ru  t- 

cr 

UJ  UJ 

zr  ■> 

t-t  UJ 

>-  co 

c  u. 

X  o 


in       <^  ji 


>—  r>-  j>  x 


o   7 

i"    UJ 

s    r 


•     •  x  m 

o  p-  >     i 


rv  <« 


c  in  <  c 


DI/1QH  <      •     .  <t     .     •  <   cr   r»-  <     • 
cot—  <_>  a  c  — iruoinmoinoooo 

co  na        ^  ru       ^  ru        h 


^    ..  ru  v  /^ 

*~\    *  >-« 

^    .  *■  ru  ►-*  >-•  x 

mxr^-H     *./-%/-%*->  w  ui 

ruujm      •  -hm*-»xxCiUJ 
•  Q      ■  ru    II    w  »>  19  >    II    3 

O^Ul    HHXV    II     II  /^  Z    Z 

•»        ...        II   ii  t^  i-\  >->  w  a. 

in  «*  nj  nj  — i^^mh^i-  rD 

H    H    ^   WlL     ^     I—    O 

ocrn   trOJU.O>CU,riu 
ru       i  ru 


y-  ru   ru  »—  m   i/i 


a 


o 
u 


D.I7 


-  m  «  o  oo  oo  m  *- 

ru  m  —it  ••  mm  t  n- 

ru     •  o     •  d-  co  tt  o     • 

•  ru  •  m  ru  d-  oo  -  ru 
-<    -  d-    -  -   -  -    *  i/i    - 

•.oo  -  r-  oo  in  a  jiw 

— i  cr  o  ru  ••  ru  ru  tin 

x    •  m    •  *-*  ••  -h    • 

•  a  •  m  ru  ru  oo-       »  o 
m              x    —  X    —  *    *  -    -  m     * 

0  »  d-  -a  oo  in  in  cro 
-i  cr  p>-j>  ••  rum  •  -h 

uj            -n    •  or     •  d-  oo  •    •  o    • 

01  •  m  •  m  iu*  oo  -  r»- 
>-  m  »  m  »  -  »  »  -  m  •. 
i-              -.0  vo-  oo  a  in  d-  x 

co        x  ru  cr  in  ••  rum  #00 

_J  CO         -HI  -I     •  d-  00  ••  o     • 

no          •  m  •  m  ru*  oo  »  m 

<«.       ru-  d-     ».  «    »  -    »  o    » 

o:/-.         «.  ru  »  m  00  ma  rum 

O  *  ^(\j  co  m  d-  ••  — 1  m  •  x 

a  ru  -*-  p-    •  -h    •  d-d-  ••  o    • 

<  v^  ru  •  — 1  •  m  ruru  00  »  e 
o  u_  «--  o  »  ru  «  -«  -  -  oo» 
o  u  x    >ru  »  m  00  i/iui  uih 

O  uj  co  x  x  n-  ••  — i-4  •  m 

ar    » e  *    •  *-•  *•*■  ••  o    • 

3  /->    -    •  o  •  -h  ruru  oo  »  o 

U_  d-  ^  d-     *  d-     -  »    -  «•    »  m«. 

m  j-    »-i  »  m  co  o  m  d-  x 

h  w  aj  Hfvi  i/i  o*  ••  ruru  •  ^ 

mo-^c    >  in    >  *  *  •    •  o    • 

>  >  x     ■  m  •ru  ruru  00  »  -H 

-  ->  m  —  m  -  ».  -  -  -  m  » 
0£  ,—*».-  ru  -  1/1  00  in  in  ruru 
IlI  *  ^  x  in  tT  go  ••  h  m  •  r* 
H  (U  t  f\J  I  w  •  d-d-  ••  o  • 
rr  <~ >  ru  •  ru  •  ru  ruru  co  »  o 
ItO^H    •.  ru-  -    -  -    -  H    * 

<  13  X     •  d-  ».  X  CO  CO  -Id- 

cd    >o  h  a  r-j)  ••  — 1  ru  •  m 

<-.    «  d-      •  -t     •  d-d-  t     •  C     • 

^  d-  .—     •  -<  •-<  ruru  oo  ^  o 

o  ru  j-  o    «  -1    «.  v.    «  x     »  <-.« 

o:  w  ru  >-  in  *s.  x  <~>o  ^  o  d-  x 

b_  !l  ^  .-^  m  <md  d-      •  d-   — (  ru-H 

-  >-  d-     •  d-     •  rud-  rut  »• 
></)»->»  ru  C  ruo  »•  ru  -  o  — 1  a 

UJlll    +    «      >      «  «■     »  -I      •  -!*■  II- 

iflHrtj    t    h   n  -HOD  HO  II     O  l-f   X 

nii-uniiiJiMiir\H    isw*N,»m\  -<-n 

CJ)»-Hi«w/l-H«HH»  -CO  -       •  r\        ■  I-* 

crvx-cc  »  p-  ^  d  •->  o  muih±            ^  /-.  «^ 

UJ  UJ   >         <->     -  ^     «.  i-h-  >-<     «.  _-t--.ru                i-«  ►-•  x 

r>u.-^HUiuiMti-wco>- •  in  o  x  d-     •    »  ^>  <-.  >— •  — <  uj 

1-1  uj  <o  o  —  d-  w  — ■  m  x  x     •  •  xma-ujrux— .i-hwxxouj 

I-  -J)  V  •-•  x     •  •>-     •  •  <J3  re  ru  ■>     •  •  a     •  -<   II   _■—•(_>   II    _ 
_       2<nv-'j:uiv^r-d--^d-r->-'OOwm    »hx  v  11    11  «  z  z 

OU.OJ?            --  -»  --  --  -C          II    II    ~>  >-.  ►-  >-l  (Y 

TOSni<m-'<ui*<c;o<sin<*  CHr,^MHvh"j 

cc        1:1:1 ici-mmi-     •  •  V-  rn  m  i-  x     •       hh^wii.  z  h  q 

3v>o>-i<     •  •  <      •  i<d-ru-X      t  •  «t      1  i\i  o  ^  ^  3  o  ill  C  u  2 

c/51-uOQm  j-oocd-orur^ooooc-iO"<ru.cj!>Qur£iu 

co                 h  m       -in  h  ru       — iru  -<ru 

►-•  -H 

'■n 

■z 

o 


D.I8 


«.  m 

-H    00 


ru 

*- 

in 

n- 

• 

•. 

nj 

m 

j- 

*- 

•. 

«. 

•k 

P* 

o 

i_n 

LP 

• 

• 

• 

-H 

ru 

U1 

r~ 

• 

*. 

ru 

m 

ru  m 
in  * 


nj 

r- 

• 

o- 

m 

• 

« 

^ 

00 

* 

m 

* 

• 

U1 

m 

♦ 

* 

J- 

ru 

•* 

m 

J- 

Q  * 

Ct  ru 

Z3  U_ 

(J  UJ 

Q 

ir  - 

o  *-. 

u_  J- 


j-  a    • 
ru     •  ru 


uj  rv  o- 


ru  cr  ru 


rr  <-. 
uj  * 
►-<  ru 
fX.  v_. 

rr:  o 
<t  o 

or    «. 

.IT  *■ 
O  ru 

rjr  v^ 

u.  u. 
>         «. 

UJ  CO  ^ 
CO  UJ   =1- 

to  i-i  ru 


x  •  m 
:>  ru  «. 
»  »  m 
<—  ru  re 
*  ru     • 


ru 


i  ru 


x    »  j- 

■j>  n-  m 


vl\J     C 


— i  m 

ru  ui 
•.  o 
*  • 
ru  ru 


ru  ru 
ru  -C 


V  OD 

^  a 

ru  » 

-h  a 


in  o 

ru  in 

-h  ru 

in  c 

ru  in 


Ul    LO 

ru  ru 


-«        O  O 


«.  3 
IP  » 
cr  jj 


r^  ru 


v    •■       <-\ 


ii 


O    K-.     <     ^    .-I        . 

or  ^  x    «.  r- 


UJ  UJ   > 

y.  ■>  uj 

H    llJIO 
I—    CO    >v 

D  k    6 

rr  o  x 

o  co  c 


;<  «  ji  nj 

a  >—  cr  cr 

K-t    X        •  • 

co  v_.  lti  * 

uj  -t  a  — 


-*       #^  ru       *-i  a 


J    C   i\J 
^    UI    JJ 


•»   c  in  <  c 


CO    ' 


co 


O  O  m  m 
•h  ru 


G     X     CD    r 

-*  ru 


*   O 
ru  J> 


•-\        •  H-4 

l-l    *  *  <—   «^   V-> 

v-<    »        ru  i-i  i-i  x 

cxruco    »  /-»  ^  »-<  ^  uj 
rj-UJ-urn— •►"!»-•  xxouJ 
•  O     •     ■  II  >-•  u  u  >  II  3 
c«*niHX>-ii    II  /^z  ? 
»»  II    II  n  /->  H  m  a 

3<    O    Ul.lr>^HHVI-     3 
LTIt-U-C  >-i  >-«  w  v_«  u.     Z    I-    Ci 

«<i  •  .cwoqujohiz 
C)0-HXQ3U.o>oorruj 
ru       — i  ru 


3 
O 
a: 
00 

co 


Z 
o 


D.I9 


*  O  •.«.  «.     «.  o     •. 

•.n-  •.  -±  Ok/i  en  ui  js  ■*• 

■h  o  m     •  ••  m  *•  •  m 

p-»  i-in  in  n-  ••  o     • 

•  no  >v  rum  oo  »  ru 

—iv  j-  in  »    «.  »■«■  m    » 

»  r-  »*•  oo  in  O  m  *• 

j>d-  O     •  ••  mr*.  •  n- 

r>-     •  cc  m  ui  in  ••  m     • 

2               •  "H  •    »  ru  ru  oo  •.  o 

*             r^     •.  ojru  »•.  »    «.  r<-    » 

o               *  c  ^  J)  OLn  in  in  a-  m 

— (  n-  ir     •  ••  mi-  .  — i 

UJ             m     •  cr  m  unr*-  ••  m     • 

a.               •  *■  •«.  rum  tz  CD  »*- 

I—              «.  oo  ».  a-  o  in  oo  —in- 

co       -r>  a  .o     •  ••  *:»-  •  p- 

_j  oo       ru     •  — i  »  uir*.  ••  —it 

H-40          •  m  •    ».  rum  oo  ^  m 

<     *        m     *  in  _D  v*.  »    v  ru     *. 

a  ^        *  -o  ».  o  in  in  in  o  ja  m 

O  -*-  *-\  m  j-  .0     •  ••  m  iii  •  ru 

cr.  oj  *  —t    •  mm  t\j  r»  •••  o     • 

«t  v^  ru     •  ru  •    «  — i  m  oo  b(u 

dIlvj    s  ru  -*  *    »  »»  or«. 

O^lx    ^J  *-*  in  o  o  ui  mo 

o  iu  -o  cr  oo     •  •    t  mm  ♦  co 

a-    *  o  r*     •  — i  ru  ru'-n  ••  ~*    • 

o  ^    -    •  o  •»  h  ru  oo  «  o 

u_  s-  ^  *     »  *•  ru  »•■  »»  ru    «. 

fU    t      »±  *  <T  in    O  Ol/I  OC-H 

Hvrucc  n  oo     •  ••  rum  •  c 

i-h  o  *-/  o     •  ruru  ruin  ••  o    • 

>  >  x     •  m  •    «.  h  im  oo  »  ru 

»  >  m    *  mo  *•»  *    *.  in    ». 

ag  /-\  •.    »  -4  «  or  u:  c  qui  r-  p- 

lij  d-Aji  o  in     •  ••  a.  ru  •  m 

m  nj  i  m     •  ruru  ru  in  •     •  o     • 

or  ^  ru    •  m  •».  h  ru  oo  *  — i 

q:  cw^    >  ru  »-  «.    »  »•■  *«. 

<t  ca  x    *  m  *  cc  in  in  ui  c  :»-  m 

m    »  cs  r-  m  ru     •  ••  —  i  ru  •  co 

«-\    »  ■*■     •  c  -*  ruru  ••  o     • 

JC   *-  <~>     •  H  •     ».  -4-4  OO  XO 

c  ftj  *  o    »  -t  nj  ***    *  \    *  ^-s   * 

or  ^<(vi  n  m  vo  ^  m  ^in  *•  .r 

i  li.^ol/1  ^     •  »•  ■*■— <  ru  in 

>         *>-*-•  ^--^  ruru  ru     •  »    • 

U_'  CO  /-%    •-  ru   O  njv  *  -^  «.  c  -HO 

lOuj  *«    »    »  »  P-  -4     «  -h     «.  II     » 

3    hiu    *    -I    o  -1   CC  lll/l  lll/l  MP- 

»•  «-  w  m  II  m  \  ll     •  v  i-h     t^t-imv.mv.  .-> 

j>K-,*^,i_i.»-<r>.  «.  p-  •>••>.  n 

CC    \   X      »  T  *     *  /^  try  /-^o  H-t:*-           d-                 r-%*^v-/ 

ujuj^        /->v  ^^x  *■«*  »-*^  v-/*        ru           ,h  m  x 

h  u  O)  O  v  if,  j)  v     .xx     •     •xm*uir-ru-i»-!|HXXOuJ 

I—  CO  \  n  x      •  •  >-  O      UJ   i/l    O  J      •  «C      •      i   II    u  u  (J   >    ||   3 
r>        .Tco^'Xmv^-4i/)v-/njui<-/co'— '  ru  r^  >~«  >■  >-   ii    ii^>2-7T 

OU-OZT              »»  »-  «■»  »»  »»            II     II    (^    r,  H  H  It 

a.07ruj-*r>.  x<in  —f<i  c  o<  c  o<r^  or— i  /—  . — .  >— <  •— <  •— >  i —  :o 

co       iii— p-^t— crjit-     •    >  ►-  x  m  h  im  r-  >-ii->>— •>— 'H.2.1— o 

D  10  C   h   .J      •  •<      •     i<tXOl       •  •«!       •      •  O   —  — '  O   C  liJ  3  <il  2 

(oi-uoonjajJOfiii/iaooDHuiciJiiUioutiiJ 

CO                   h  ru        — i  ru  -^  ru        h  ru  h   ru 

►-<  —* 

CO 

z 

o 


D.20 


•. 

m 

a, 

LP 

in 

LP 

a 

X 

m 

rv 

■JB 

a- 

X 

<T 

• 

• 

•H 

ru 

• 

CO 

m 

• 

3 

• 

ru 

r- 

• 

• 

o 

• 

• 

ru 

• 

3- 

•H 

m 

Q 

o 

*i 

-H 

»H 

• 

3- 

% 

v 

« 

x 

V 

CO 

« 

-A 

* 

IP 

V 

X 

LP 

c 

LP 

o 

D 

X 

m 

-J 

r^ 

ru 

CT 

X 

• 

9 

ru 

-u 

• 

3- 

c 

►-* 

X 

• 

co 

• 

ru 

LP 

« 

• 

•H 

• 

in 

<l 

• 

-H 

• 

m 

— * 

ru 

a 

a 

x 

O 

r- 

ct 

X 

« 

en 

* 

^ 

« 

«* 

% 

X 

x 

+ 

Q 

* 

r^ 

«. 

rr 

LP 

c 

X 

cr 

m 

X 

(V 

Or 

p- 

J> 

X 

C3 

• 

• 

ru 

ru 

• 

p> 

9 

< 

o- 

* 

3- 

• 

ru 

LP 

• 

• 

~i 

9 

r- 

U. 

o 

r 
< 

W 
CD 

Id 

cr: 

i 

h- 

IX 

O 

u. 

HH 

T> 

CE 
UJ 

t~* 

a: 

< 
-n 

s: 
c 

CO 

co 

o 

» 

0J 

ll. 

UJ 
O 

3- 

ru 

> 

ru 

a 
is 

3- 

ru 

3" 
ru 

X 

UJ 

o 

3- 
ru 

X 

> 

3" 
Pj 

X 

3- 

• 

3- 
3- 

m 

ru 

00 

c 

cr 

■* 

3> 

CD 
Q 

m 

rr 

m 

—4 

a> 
3- 

a 

3- 

m 

m 
o 

ru 

cc 
j) 

o 

m 

m 

or 

rr, 

ru 

ru 

c 

— < 

in 
rn 

m 

ru 

3- 

X 

*■ 

CO 
X 

m 

m 
rr, 

ru 

c 
m 

:r 

1J 

CT 

*• 

r^ 

LP 

m 

-i 

ru 

X 

ru 

X 

X 

ru 
rr 

CO 

—t 

~4 

SI 

ru 

'H 
LP 

ru 

LP 

ru 
^ 

it. 

ru 

— t 

in 

ru 

-* 

LP 

ru 

ru 

o 

iX 

rti 
o 

LP 
PJ 

LP 

ru 

LP 

ru 

— i 

i/i 

ru 

LP 

ru 

#-4 

r2 
*. 

O 

ru 
t 

c 

o 

-H 

a 

LP 
~t 

LP 

O 

ui 

X 

c 
o 

a 

a 

ru 

a 

c 
ru 

c 

X 

10 

o 
ru 

O 

C 
ru 

c 

X 

—1 

o 

O 
X 

a 

ru 

o 

X 

o 

X 

f 

• 

o 

rr, 

ru 

O 

ro 

• 
c 

ru 

3 

—4 
• 

ru 
m 

00 

• 
o 

OJ 

• 

o 

% 

m 

Tf 
-H 

m 
T 

C 

00 

m 

o 

— « 

X 

v-9 

ru 

^ 

Si 

n. 

or 

.— \ 

LP 

^s 

X 

*• 

CO 

II 

u. 

U. 

v^ 

/-s 

m 

^-» 

c 

*■ 

■ 

t 

c 

ru 

— < 

r- 

v 

>■ 

3- 

t 

* 

« 

ru 

ru 

ru 

• 

•j 

t 

0. 

ILl 

■n 

#-\ 

h 

nj 

C 

ru 

«-4 

^ 

-4 

« 

c 

— i 

□ 

o 

9-4 

UJ 

3- 

*-> 

% 

V 

* 

k 

-4 

», 

^-4 

« 

M 

k 

X 

►— < 

ru 

3" 

-* 

rr, 

•H 

J- 

II 

c 

II 

X 

)-H 

ru 

X 

>— 

*— < 

ru 

II 

-4 

II 

rr 

HH 

t 

HH 

rr> 

V 

r- 

^~% 

H- 

9-« 

3 

v^ 

>— < 

• 

V 

9-H 

« 

•x 

« 

LP 

■^ 

k 

t 

V 

r-s 

• 

v 

1— 1 

3- 

or 

>> 

X 

* 

cr 

h 

o- 

^^ 

ru 

/—. 

c 

^-t 

ru 

3- 

^> 

/-^ 

"^ 

r>- 

UJ 

.u 

> 

ru 

K- « 

—* 

x 

v 

7 

■> 

UJ 

7 

*-4 

—4 

ru 

t-4 

cr 

X 

KJ 

c 

CT 

V^ 

□ 

o 

X 

o 

rn 

UJ 

j- 

M 

LlJ 

CO 

C 

w 

X 

ru 

V- ' 

CT 

<r 

X 

• 

• 

X 

rr 

rr, 

UJ 

ru 

0" 

—4 

»-* 

i— » 

X 

X 

o 

LU 

r- 

9- 

Si 

X 

>-i 

X 

• 

• 

>- 

» 

• 

'X 

X 

o 

•> 

• 

• 

a 

• 

• 

II 

^_- 

>s 

o 

■> 

II 

3 

3 

-* 

en 

w 

X 

Ji 

X*» 

0" 

X 

^_' 

ru 

LP 

^—> 

c: 

c; 

w 

ru 

3- 

y- 1 

X 

>- 

ii 

II 

^-» 

2 

X 

c 

U. 

O 

? 

II 

ii 

/-> 

l-K 

*-H 

HH 

or 

a: 

a 

r 

LU 

•a 

<r 

r- 

< 

s 

r- 

-t 

o 

CC 

t 

X 

X 

<I 

on 

CO 

r- 

3 

IE 

i 

£ 

►— 

X 

r>- 

9~ 

CT 

n- 

1— 

■ 

• 

r- 

ru 

ru 

►- 

Tj 

— - 

,— » 

*-^ 

«w 

'— ' 

u. 

2 

r-  o 

3 

yj 

Q 

— 1 

< 

• 

■ 

< 

• 

• 

< 

LP 

o 

< 

• 

• 

<t 

t 

• 

a 

\^ 

L^ 

a 

d 

LU 

O 

LU   i? 

01 

t— 

<_> 

Q 

o 

m 

t 

o 

X 

i/i 

a 

ru 

LP 

a 

c 

c 

O 

rr 

rr 

c: 

.s 

u_ 

u 

> 

O 

U 

CC   LU 

LU 

CO 

— i 

ru 

H 

ru 

—i 

ru 

pH 

ru 

-H 

ru 

H 4 

>-< 

— 1 

Ct 

CO 

X 

*: 

r- 

o 

D.2I 


UJ 


• 

3- 

z 
t— 
u. 

< 

Or 

a 

a 
< 

o 

D 

z 

X 

1— 

1- 

CO 

c 
(_1 

_J 

z 

1— 

J- 

CO 
r 
Q. 

tf? 

1— 
O 

1— 

in 

+ 

UJ 

ru 
m 

UJ 

ru 

(J) 

z 
o 

o 

>- 
o 

1/1 

:** 
CJ 

ru 

ru 
CJ 

1— 
< 
u_ 
cj 

z 
< 

Q 

T 

CO 
CO 

<t 
a 

•i 
►- 

UJ 

X 

l- 
o 

m 

a. 

in 
ru 

a. 

in 
*h 
a. 

CD 

>— 

(J 

a 

i— 

> 

1— 

h- 
X 

K- 

Q 

-a 
<t 

a 

> 
o 

a 
< 
co 

CO 
CO 

o 

:*• 
ru 

u. 

UJ 

a 

a- 
ru 

Q 

> 

ru 

a 

C5 

LL) 

_J 
o 
<t 
I— 
co 

CD 

o 

<D 

z 

1- 
1— 

i 

ru 

* 
* 
_j 
I— 
* 
o 
o 
+ 

ILJ 

rr, 

-D 

cr 
ru 

ru 

+ 
_j 

* 
+ 

UJ 

m 

_l 
>— 
* 

a 

i 

UJ 

*- 
un 
ru 
cr 
cr 
cr 

1 

J- 
« 
* 

* 

cr 
i 

LU 

3- 

00 

p- 
ru 

a 

c 
ii 

i— 
a. 

_i 
a. 

— i 

1 

ru 

* 
* 
_J 
i— 
* 
o 
o 
+ 

UJ 

rn 

cr 

ru 
ru 

+ 
_i 
l- 

•H 

C 
+ 

m 

* 

_i 
t- 
* 
r>- 

o 

I 

UJ 

3- 
LO 

ru 
cr 
cr 

5T 

1 

J- 
< 
* 
_l 
1- 
* 

O 
1 

111 

J- 
CD 

r* 
ru 

o 

c 
cr 

cr 

3 
c 

-4 

CO 

UJ 

h- 
ft 

i- 
o 
1— 
X 
* 

Lfl 

^y 
J> 

1- 

co 

O 
CJ 

■•- 
in 

>- 

CO 

o 

CJ 

+ 
1- 

<J 

t- 
co 
o 

CJ 

+ 
ru 

<t 

in 

•V 

r- 

C_) 

-•^ 

»— t 

m 

c; 

>- 

m 

cr 

c 

!*-» 

^ 

UJ 

c 

w 

1— 

* 

"D 

CL 

CO 

*■ 

X 

>H 

m 

<J> 

— H 

rr, 

• 

►— 

1— 

> 

• 

1- 

Uj 

I 

Z 

* 

u 

ru 

c 

• 

• 

cr 

• 

C: 

CD 

LS 

UJ 

rr 

CO 

-H 

-H 

* 

t-\ 

cs 

k. 

w 

or 

r*. 

t- 

o 

p- 

+ 

II 

CO 

tr 

or 

CO 

ii 

O 

II 

cj 

/->» 

u 

UJ 

cc 

LL. 

o 

• 

m 

c 

• 

m 

»— 

1— 

a 

QL 

#— « 

/-% 

ru 

LH 

CJ 

1- 

o 

OJ 

■h 

o 

<I 

». 

LL 

i 

* 

• 

I 

« 

o 

o 

->- 

> 

«H 

1- 

-H 

"3 

|W 

rv 

3- 

+ 

0- 

c 

to 

■H 

< 

* 

or 

CJ 

/-> 

ru 

* 

or 

ru 

* 

Cc 

<■ 

»- 

i— 

-^ 

T. 

»»rf 

rs 

'1 

o 

CJ 

o 

^-N 

O 

ft 

V-* 

u. 

_i 

LL 

* 

i- 

CO 

a 

_; 

o 

cr 

_i 

0. 

0- 

u. 

u. 

in 

UJ 

u. 

»- 

HH 

u_ 

* 

* 

L- 

*4 

IT' 

U 

ru 

UJ 

i^— 

O 

►— 

ru 

UJ 

+ 

i— 

• 

+ 

>— 

^N 

X 

_i 

_l 

d- 

a 

1- 

»- 

*-4 

o 

>- 

u 

•_) 

z-\ 

f~\ 

u 

4W 

~z 

o 

ru 

* 

■* 

». 

X 

^~j 

l-f 

UJ 

* 

c 

U.' 

* 

cr 

I-* 

Q 

a 

X 

*-< 

O 

o 

o 

J— 

<l 

* 

* 

—* 

—4 

k 

(— 

CJ 

X 

Q. 

> 

_l 

< 

X 

*— 

ru 

ru 

• 

ru 

r\j 

• 

u 

v-' 

■»- 

o 

1- 

►- 

• 

I 

_l 

>- 

co 

J- 

U.' 

•«v 

U. 

~x 

LL 

>» 

•x 

K-< 

*-* 

a 

a 

— i 

C 

c 

u. 

■K 

* 

#-^ 

<j 

T 

X 

-H 

» 

UJ 

_j 

o 

•-I 

~* 

ru 

U' 

_l 

o 

r\- 

UJ 

*— 

1— 

UJ 

o 

o 

<t 

^» 

_J 

<o 

00 

i 

cr 

co 

GO 

1 

cr 

o 

ru 

IT. 

-j 

<t 

* 

* 

■ 

rr 

c 

U.I 

w 

\^» 

v— ' 

ru 

J- 

Q 

O 

\ 

z 

<t 

CO 

V 

or 

»fc 

Or 

uj 

1— 1 

3D 

—4 

UJ 

• 

CO 

— < 

UJ 

• 

nj 

•*■ 

V-* 

o 

o 

t— 

IT. 

O 

T 

■c 

'i_ 

T 

X 

i— 

%M« 

* 

►-4 

X 

o 

*-> 

a. 

«— 4 

t— 

co 

cc 

O 

cr 

-H 

UJ 

o 

cr 

— 4 

UJ 

X 

iu 

UJ 

ru 

>- 

in 

in 

_J 

• 

_J 

<J 

* 

n 

II 

11 

ll 

II 

* 

r^ 

l— 

HH 

s 

ru 

\ 

nj 

>» 

\ 

< 

4- 

cr 

m 

is 

+ 

cr 

rn 

cs 

llj 

II 

II 

OJ 

_i 

• 

■ 

• 

c 

UJ 

cr 

rr 

< 

3 

V- 

z 

— i 

z 

—4 

z 

z 

cc 

_J 

• 

ru 

• 

QL 

« 

ru 

• 

co 

i-\ 

^\ 

X 

or 

o 

rr; 

to 

II 

r> 

I— 

t- 

<-t 

ru 

* 

IT 

J> 

u.  z 

O 

CO 

o 

>— » 

c 

% 

c 

o 

o 

U_ 

n 

m 

_J 

Ii. 

ii 

in 

_l 

5" 

—i 

^4 

II 

< 

II 

II 

cc 

«-> 

<£ 

II 

*w 

Ui 

<«/ 

V* 

s^ 

iu  rr 

-r 

Uj 

X 

1— 

2" 

ru 

z 

X 

or 

o 

^~ 

-C 

1— 

o 

V— 

x 

t- 

rn 

*~* 

>-/ 

►- 

UJ 

^^ 

*-^ 

o 

~< 

rjr 

_i 

>- 

1— 

V- 

►— 

l~ 

i— 

n  rj 

CD 

51 

co 

X 

^ 

X 

X 

a. 

ii 

u. 

m 

v^ 

II 

(J 

n- 

*-^ 

z 

ru 

X 

o 

>- 

^ 

*-t 

V 

v-< 

*— 

_j 

_l 

rO 

10 

10 

lO 

CO 

c:  •-  o 

r> 

co 

o 

o 

a 

I 

a 

a 

_i 

_i 

• 

U. 

_l 

1 

• 

u. 

ru 

^, 

h— 

^^ 

-— ■ 

u. 

o 

< 

G 

CD 

o 

cr 

o 

LT 

z  iu  z 

co 

UJ 

!_> 

o 

(j 

Ol 

cj 

CJ 

U.' 

i— 

a 

>-l 

►- 

a. 

fr~t 

UJ 

X 

t 

X 

lj_ 

.1 

u. 

H-. 

"> 

III 

o 

If— 

CJ 

1_) 

u 

CJ 

CJ 

o  a  uj 

O 

t— 

—t 

— i 

»— 

— i 

«H 

fr— 

»— 

i— 

cr 

ZD 

jd 

o 

O 

3 

c» 

a. 

a 

n 

a. 

a. 

z 

O 
o 

o 

X 

o 
o 

T 
O 
(-1 

>- 

a 
<j 

D.22 


1- 
u_ 

co  to 
z  t> 

o  c 

1-4      % 

t~  f\ 
<£  ■*• 

U  nj 
►h  ^ 
U.  U. 

>-H    UJ 

CO  o 

m 

CO     » 

r\ 

O 

<  ^-s 

a 

»- 

_1  » 

^-i 

• 

O  ru 

C 

o- 

o 

w 

• 

J- 

ts 

>-  o 

cr 

•s 

a-  ■> 

V 

ru 

^ 

3     * 

OJ 

* 

a 

•">  r\ 

* 

* 

t 

Z   * 

* 

f\ 

*^ 

m  ru 

<*-\ 

>~+ 

• 

W 

►H 

w 

Id 

O  Q 

^> 

LL 

_j 

t-   O 

1.L 

+ 

■ 

h 

-t- 

O 

ru 

ru  *■ 

CO   *-\ 

o 

• 

_l 

-J   * 

• 

■3 

O 

_l  o 

IlI  ru 

1/1 

C 

h- 

<r  i- 

-* 

>    *-- 

ru 

•H 

• 

II 

U.'  Ij. 

"N 

N. 

O 

a  o 

f- 

>  _l   » 

ru 

ru 

(J 

z  cs 

a. 

tr       >-n 

< 

* 

<t 

a 

DZ  * 

* 

* 

r^ 

•  /^ 

"3   C    ru 

^ 

rs 

=> 

o  a 

>-H    I—      ^  <--   W 


O   O  O  O  UJ 


3 

t_>  z 

O 

(_)  o 

a 

-«*  t: 

or. 

y 

3 

■r>  6 

>- 

co 

l-  o 

cc 

:t 

O 

UJ 

-3 

> 

z 

z 

»-* 

o 
o 

LU 

Z 

i—* 

>- 

r> 

o 

rr 

CD 

=> 

CO 

M  ^  v  W  I-  h 
>HI-  JOO 

-"rror    •    •    •  o  o 

IIClv3-<-<ru     •     •  -h     •     •-•     »     •  3 

"'J)o)jjjoa       -"O       o-<zz 

II    II    I  I  I    It    HO    II     II    O    II    II    hi 

_>     _J    W   ^    V--   I-.    H-4  1-iH*  MI-IZI-O 

0_J    _IU-U-U_>-'>—  O^'-'Ow^OuJZ 

o<<MMHiu.oTii.oju.oa:ui 


ru 


m 


D.23 


<_> 

■4 

1- 

CO 

co 

CO 

m 

CD 

o 

V 

«—\ 

H- 

*■ 

CO 

OJ 

«* 

^^ 

a 

U- 

UJ 

to 

Q 

2: 

* 

ii 

^ 

O 

J- 

u. 

ru 

LD 

s~r 

0 

a 

a:  ru 

Q  -~^ 

or  0 

-i 

<    CJ3 

3     v 

0 

(J  ^ 

1- 

j-  a 

J-.  aj     . 

0 

~l 

UJ  v-^  m 

cs 

II 

1  u.   11 

1— 

^       »  CO 

*-^ 

a 

< 

^  u 

CO 

c 

1— 

CO  =1-  0 

CD 

CO 

10  ru  »-» 

O 

CD 

>-«  v^  0 

a 

c 

1-  j     • 

Id 

* 

n    \    -) 

*- 

_! 

rv 

LU 

3:  >    • 

ru 

* 

■v 

z 

UJ  UJ  1— 

* 

^-\ 

j- 

*-* 

>   CO    _J 

^ 

V-4 

IU 


II 


LTi    LTl 


■  U.I 


jCo^whxoc:  11   2:2 
c       o  xi       hi  11   11  ^  m  a 

CO  HI  y.    w         wh  HU2KQ 
3  *-   O   u.   O   U_  ^  w  o   o  UJ   _>• 

»<UMpMiu.>oariu 


D.24 


CJ  CJ 

■h. 

Z   UJ 

ru 

«*  —> 

»— ' 

t-  o 

_> 

co  or 

(3 

>-•  a 

Z 

o 

•I 

1 

•ct 

Mi 

>-  o 

o 

n> 

UJ  u. 

I 

■1! 

co 

* 

* 

U-   IU 

CO 

_l 

U.    H- 

CO 

1— 

o  o 

< 

* 

u 

a. 

LU 

o 

«.  _j 

»-• 

U 

o 

C.  «t 

«. 

z 

+ 

LU  O 

< 

«* 

LU 

liJ 

i— 

1— 

m 

a     • 

LU 

co 

J) 

co  cr. 

X 

►-« 

(T 

1— 

Q 

~* 

o  o  o  o 


o 

o 

OL 

~1 

1 

z 

ii- 

UJ 

1— 

in 

o 

UJ 

c 

UJ 

< 

co 

3) 

— I 

f— < 

UJ 

oo 

o 

LU 

0. 

a 

u_ 

* 

n- 

z 

*— ■ 

T. 

.—» 

». 

n 

m 

ru 

< 

»- 

o 

J 

r* 

LJ 

m 

o 

M 

CJ 

s— ' 

a. 

LU 

-H 

m 

CO 

_l 

_l 

* 

a. 

o 

• 

o  uj 

— 1 

»-* 

• 

UJ 

o 

CO 

r>- 

+ 

•  *-* 

II 

ar. 

'Jj 

;> 

lU 

a 

m 

o  »- 

1- 

cr 

•<? 

> 

* 

o 

or 

1 

* 

II  >-• 

CL 

<. 

X 

oc 

*~* 

* 

or 

o 

ru 

* 

U 1 

C 

CO 

o 

:_> 

-t- 

_l 

u. 

U_ 

cr 

_> 

lL    >-< 

O 

at 

o 

*-> 

1— 

o 

+ 

i~ 

O  CO 

oc 

Q. 

O 

* 

fc 

>- 

LU 

* 

a.  <t 

a. 

a. 

z 

> 

_l 

>— 

n 

ru 

<->  cc 

J- 

C 

o 

<t 

V 

u_ 

►-< 

— 1 

O 

o  o 

r^ 

LJ 

UJ 

o 

o 

_i 

cc 

1 

cr  cr 

\ 

Z 

z 

UJ 

z 

or 

«. 

i— * 

— * 

LU 

•  a. 

j- 

►— i 

hH 

UJ 

o 

a 

^-1 

CD 

CT 

-H 

LU 

r^ 

t- 

3D 

or 

>-* 

\ 

ru 

< 

(T 

m 

o  a 

~ 

X 

e> 

CO 

^ 

-* 

m 

• 

ru 

.  Ll' 

a 

C 

uj 

z 

o 

«. 

o 

II 

U"i 

_l  UJ 

or 

cj 

T> 

lx.' 

T, 

ru 

or 

"o_ 

j] 

i-  a 

CO 

3" 

T 

\~r 

CL 

LL 

m 

>->  CO 

~ 

<o 

t-i 

O 

00 

O 

■ 

u. 

T 

co 

UJ 

3 

CJ 

CL 

UJ 

CL 

►-1  z 

< 

h- 

•-4 

1— 

— 

►— t 

ro 

n 

3 

rr> 

c 

OL 

a. 

_i 

or 

i: 

z 

_J 

a 

o 
o 

CJ 

c 

CJ 

< 

CJ 

/-% 

□ 

~» 

*H  W 

-H 

~-i 

•v 

N  "S 

• 

•s 

o 

o  a 

c 

o 

rn 

m  m 

LU 

m 

co 

CO  CO 

• 

CO 

Q. 

a_  a. 

CO 

Q 

* 

*  * 

cr. 

* 

U- 

u.  u. 

<: 

LL 

u. 

u.  u_ 

a. 

u. 

o 

o  o 

w 

o 

a. 

0-  CL 

<f 

• 

a. 

-* 

*    * 

►— 

O 

* 

LTi 

LP    O 

UJ 

<  Q.  a.  0.0.1- 


—  ii    n    n   n 


o 

C 

o 

c 

a> 

3 

• 

• 

» 

t 

CZ 

o 

o 

r~* 

o 

o 

D 

a 

— < 

c 

~1 

— I 

-H 

t 

— i 

>. 

■V 

>V 

C3 

v 

G 

— 

cr 

LU 

o 

in 

•_n 

LTl 

• 

un 

CO 

CO 

CO 

co 

CO 

CL 

0. 

OL 

co 

o. 

* 

* 

+ 

< 

* 

u_ 

LL 

Ll 

Q. 

U. 

u. 

U. 

IL 

>—i 

u_ 

o 

o 

a 

• 

c 

a 

o. 

a_ 

o 

a. 

* 

* 

* 

z 

* 

i/i 

l/l 

c 

< 

n. 

~t 

a; 

m 

• 

Q„ 

a 

0. 

a. 

o 

o 

• 

• 

• 

(St 

« 

3 

C3 

o 

□ 

C 

□ 

3 

t-\ 

o 

^H 

«-4 

— < 

— ^ 

—i 

^ 

>w 

>>. 

• 

•v 

a 

o 

CD 

a 

c 

r- 

r*- 

r^ 

LU 

r^- 

co 

</i 

CO 

• 

co 

a. 

n. 

0. 

co 

a 

* 

* 

* 

cr, 

« 

u. 

Ll 

u_ 

<t 

U. 

u. 

U. 

li- 

Q- 

Ul 

o 

O 

o 

M 

o 

a. 

CL 

a. 

-a 

■ 

a. 

* 

* 

* 

I— 

o 

■K 

UP. 

un 

o 

UJ 

z 

n- 

•-H 

ru 

m 

r 

<f 

a 

a. 

o_ 

0_ 

i— 

c   II    II    ll    ll    ru 


COO  t  .~.  «-»  ^  ^     » 

J]  C   O     •     •     •  *  O  o  — '  ru  m  j-  co  *- 

J3  m     i  ji  i^  o  v  or.  ••.*»•.  cj^  * 

t  JL'  ^  h  ru  n  -h  >  u.'  O  I—  co  co  to  cr;   <t  — < 

•      •    II     II     II     II  11     II    3   CL    C3   CO  CO   ■/)  if)   CL  II 

ClO^^'->/->Cl-i<"->"J'0L        •<<-l<»-iOt-' 
II    II    H  ru  rr    i-      •         ^-^)-<         c   a    a    a   Q    ^      » 
OC=w—'^'wOJ->-/>-_IT    !--•>-<    >-l>-i_JO     J= 

en  M3  c3  o  u  in        _i'z_l*-'v^v^>_/v^ 

COCOZZZZIICLUO«JU.fOXrDCD 

aiL4<<<>Li>uu"a.ria.D.<>c 


-i  ii    n    n   ii  <-> 

o  '-^  ^  ^-^  ^>  m 
•  C7*   o  ^*  ru     ^ 


o  o  in  d  rv  oo  co 
cc     •    »    -    »    »  co 


>LUO^COCOCOCO-C 

ll  3  cr.  is  co  co  co  co  cl 

'-nZO.       i    4    <    <    4    h   c 

»— •  >— •       oao.aav^    . 

^-■f-     _JT>-<>-l!-<l-i_JC3 

_iz_jw^-->-''—  v^csr^ 

II    O    UJ  O    -3    LL    .70    X    CC    f0    Z     II 

>  uu  md  n.  o.  ol  <  > 


in 


^ 

> 

LU 

(t) 

o 

H- 

CO 

co 

CO 

co 

1/7 
■«1 

II 

ii 

3 

it; 

(J3 

in 

CO 

CO 

CO 

a. 

*-t 

y~» 

i? 

a 

• 

«t 

< 

<x 

<I 

.--. 

z 

t— 1 

>-t 

a 

a 

a 

a. 

0. 

^_^ 

a 

ex. 

_l 

1— 

Z 

_J 
_i 

T 

1-1 

HH 

y-i 

1-1 

_i 

1-   Q 

o 

LU 

o 

< 

U. 

r 

X 

Hi 

L 

i" 

UJ   Z 

a 

> 

l_) 

CJ 

H-! 

CL 

0. 

a 

a 

<■ 

CC   LU 

D.25 


cj 
o 

Z 
<     - 


UJ  ru 
co  >-> 


•u.  to 

o  z 


a  a 

uj  x 

UJ      - 

a.  co 
co  co 

Z  Ol 
UJ    1-1 

>    » 

CO  s- 

UJ 

or  x 

o  i- 

u.  » 

o 

co  m 

iu  a 

_i  - 

o  1/1 
-Z  ru 
««  Ql 

i-  in 

<  a. 

a  «■ 
s.  r>- 


U. 

O 

O  CO 

13   Z 
C  O 

a  >-i 
a.  k- 

Z3 

UJ  rr 


C2 


Mi.no 


II 

'J 


3  CO 

C  >-i 

a  o 
cc 

ZD  CO 

CO  UJ 


^  ru 

Z   -H 

o    «. 


<t  o  * 

!—  •  * 

CO  CO  O  > 

2  OB  O  II 

3  •*  •  2T 
o  >  rv  i-i 

X 


o  a       jooi 

CD      •         CO  CO   CD  ^  ,-^ 
ru^m        2^o^i-m 

•  Z     I     .->  *I    O    O   _J  CJ  X 

njMza  •    •  i-  <  a. 

rn  t.  m  v  or  3  c    I   u.    i 
\ttr  J3     ■     «sw<i 
ru     iir-^r.  i-i-HiOHD 
»l-vl.  HJUIOUJ      • 
*  o  —  i-i  x     .    •rrcj-oo 

>       •  (—    CO    -X   CD    CD    w   -i     II     II 

II  _)  rr  <  Jf  ui  iu  II    ii  <  -d 

ri-  ?  ii       q  o  >-  <  I—  x 

1-1    Uj    w   v->  (_)  I—   UJ   a 
XI—    U-U_-4UJX_J 


*  *  ■    X 
or  u      a. 

i  -v       _i 

ru  .-■%.  .— »  <t 

*  .-»  <t  i—    I 


Id 

UJ 

co 

UJ 

□ 

a 

t 

o 

a 

cr 

m 

II 

< 

a  ►- 

z 

UJ 

«r 

X 

h- 

k 

Ifl 

r% 

ru 

C 

i 

v 

a 

en 

cr 

<        in  r-  n- 

I        cr  n-  r>- 

0.  to  rv  in  cr.  un 

_i  u.'  r-  cr  cr  cr 


inxo:i-ia;a< 


m  U-   03  1—    < 


2     I 

i-<  ru 
X    * 

rr  * 
_l  I  or. 
y-  _l  CJ 

I  i-  -^ 
O  +  II 
T.   H   H- 

II  tJ  CJ 
IT     II     < 

cj  <  u. 


*    H-'l—   CJ 

<  cj  iu  <  r 


CO    M    M 

c  co  CO 


-t  ,T!  m  cr 


*  ^-> 

*  t— 
rr  u 

2:  cj  < 
>-i  i  u. 
T.  ru  ^- 
cr  *  to 
_j  +  *  o 
i-  _j  <  o 


Uj  in 

rr  cr 


iii<  I 
r  u.  a. 


O  rv   rv   *    * 


O    * 


CO  CO  UJ 
*    <t  CD 


P-   I 

en  a. 
*  _i 


<  re    II 
II    II   < 

<  l-  X   l 
l-UQ. 
LU    <f    _l 

cn  u.  <  i 


IU    +    V-    "«    (l     II     II 


o  a 
co  <r 


O    I  II  II 

rr.  or  >-  <r 

n  o  o  ►- 

'j:    ii  <  ui 

U  <  U.  IE 


ii  <t  <  _i  ii  a.  <  < 
to  <■  II  x  t- 
7.  i-  »-<  a.  uj 


CD  i 

UJ 

to  m 

z 


rr  t- 

O   UJ 
U.   X 

I— 

CO       • 

uj  or  ui 

mo  IU 

I—     •  -\ 

1-12  3- 

_l  >-•  •  O 

>-<  X  -t  O 

33  or  >«    • 

•t    •  <  *■ 

CO  l-  I-   N, 

O  CD  UJ  I— 

rr     •  i  -a 

a.  _l  h-  rr 

i-  II    II 

UJ   v^  t-   CO 

H-    U_  ■>»    >-• 

<  m  (D  W 
_l 


f\  /-%  ^* 

CD   CO   CO   O   O   O 

>-i  i-t  ►-«  — <  ru  m 

CO  CO  CO  Q.  Q.  Q. 
N  -s  ">.     »     ^    » 

.-»  <-,/-.  o  a  o 
i-  h  i-  h  ai  m 
<  <  •<  a.  a.  a. 

.    X    CD    X    X    X  O 

i     i  w  «_/  v^       o  o  m 

.TO-TZZ  HIU1 

.      t    JO   CC   CO  Q.D.    I 

C    O  C  O  O  IIC 

ru  mt  It         OOO 
•^^aao-cnjm     »z 
n    it  —i  a  c  —  cr 

o  o  J  J  J  a.  ii   ii  ii  o 
rum_i_i_i   ii   muioi-e 
ii.  tv  <  <  <  r*.  — irumujz 
xxcjuua.aa.a.rruj 


D.26 


UJ 
'.1 
< 
a. 


OJ 

a 


z 
i— 
u. 


Z 


< 

a. 


CO 
UJ 


* 

i- 
* 

CD 

* 
* 


CD 

00 

•♦■ 

O 

ru 

m 

ac 

j> 

* 

a. 

c 

*—* 

< 

* 

z 

ift 

X 

« 

^->o 

• 

* 

m 

a  i-i 

ru 

a" 

33 

-H 

» t— 

■s. 

—i 

••-  O 

II 

X   Z3 

*-* 

■*■ 

ru   • 

l~ 

>— '  32 

c 

j> 

«  o 

0. 

Z   i-i 

• 

—i 

*     • 

o 

CO  X 

ru 

m 

ru 

00 

I-  -< 

O  K- 

v 

ru 

00 

r^ 

IS 

cr    *    II 

tr  co 

ru 

• 

m 

r^ 

m 

cr 

ru  ru  O 

0.  •"-■ 

* 

c 

Ul 

m 

cr 

in 

*■  CD   «^ 

3- 

o 

« 

+ 

-* 

J0 

r^ 

l/l 

*    +   O 

O- 

llJ 

<* 

a 

0L 

l/l 

rv 

ru 

l~  1-      • 

^ 

Z    _l 

^  X 

• 

m 

j> 

■r 

— i 

ru   *  O 

*■ 

•-1  < 

X     1 

— * 

cr 

U"l 

—i 

rL 

O  — i     • 

t*. 

1-   X 

*-*   N-^ 

*~* 

-« 

m 

00 

00 

m  id  i- 

z>  cr 

to  a. 

V 

m 

• 

r^ 

• 

m  v_-  o 

Z 

O  G 

•D  X 

D 

• 

o 

• 

-4 

•  *     • 

or 

cr  z 

<f    UJ 

• 

3 

I 

pH 

1 

-H    X    X 

z> 

CO 

ii  ii 

_4 

II 

li 

ii 

II 

II    U.    w 

i— 

Q 

3  J> 

*f    X 

II 

— t 

ru 

m 

* 

Ul    II    u 

UJ 

Z 

CO    UJ 

X  u 

h- 

X 

1> 

X 

rE 

rCOH 

a 

UJ 

2 

1— 

CO 

Z3 

o 

a. 

rr 

•r 

a. 

o 

UJ 

2 

t-t 

t- 

3 

o 

a: 

en 

tJ 

CO 

D.27 


UJ 


UJ 


o 

Q 

LP 

A 

r- 

<t 

+ 

x 

ru 

UJ 

>— 

• 

IS 

v 

3" 

•JO 

>- 

2 

o 

* 

I— 

o 

C9 

U. 

_) 

CO 

1- 
z 

a: 

•— 

:> 
re 

UJ  1- 

Q 

* 

i-f 

i— 

'_) 

X 

<_> 

t-t 

<X 

H- 

-I 

o 

-* 

^ 

«f 

1 

< 

< 

z 

CC 

% 

«l 

o 

a 

^>  to 

or 

< 

P-   Q 

< 

> 

o  < 

3 

o 

-H  O 

o 

C3 

>.  CC 
J) 

QC 

«t 

O  _l 

O 

CO 

—>  < 

u. 

l_) 

»  ec 

I/!  3 

UJ 

;c 

C  CC 

s: 

i_> 

— 1 

~l 

»— i 

« 

«.  UJ 

II 

t— 

CC 

3-  z 

1— 

_l 

<J 

c  < 

0- 

lu 

>- 

u 

-1  _J 

O 

o 

< 

* 

•-  1 

■T 

_i 

h- 

m  ru 

CC 

UJ 

E 

c 

D 

►— 

o 

<* 

-i  CC 

t 

3- 

V 

«.  o 

ru 

rv 

UJ 

o 

•3. 

ru  u. 

m 

v. 

Z 

1-4 

X 

a 

V 

a 

3- 

l-H 

u. 

►— 

•H    CO 

>— 

• 

r>- 

1— 

IJL 

^ 

— ■  IU 

Q 

c 

7^ 

<5 

Z 

3 

<r 

i 

C 

* 

C   •-  C    _J 

< 

CC 

■x 

1— 

x  7 

:>—■<» 

11 

11 

CO 

-C     H 

■<       > 

h- 

a?. 

3 

73 

c  ii  o 

I 

'i 

_i 

to 

UJ 

<_>    Z  O  UJ 

< 

u 

UJ 

h- 

i— 

o 

3 

r> 

ru 

«t 

o. 

a. 

a 

CC 

X 

3: 

-H 

1- 

o 

u 

o 
u 

CO 


o 
or 


m 


CO 

a 


a- 
or 

UJ 

z. 


ID 


U                               O  U 

O  *  Q  CCt  C  X   O 

•  <    «->         CC  C   fU  •<<--         CC 

ru  u  a  t—  »-<  u_  m  c        ru  o  o 

o^s  uiq<             v  •  o  m  >»  ui  3  -a- 

•    H    I-    _]  O   0.  W  1-    G      •    *    I-   _J  <_>   0- 

a  i  i  ui  u  hi       yaxcaiuuui 

iu«i<><or7:D<r.ai<<><n:z 

m  u  ii  or  _i  <  _  x  <_> 

n   n    .-   _i  _i  _i  n 

o  a.  »i  _i 

X  <  o  < 


I 


o  i—  >-i       u.  m  o  c 
>.     •    t 

lOI-CC 

W  Oil  JJ 

3  *i  \n  r*. 

cr  _j  <  m  -h 

II  03  _l  -J  _l  3  <    II    II    II 

_ii->>-i£><->a.«i_i-j-ji~>i-ccu 

-    <J   IjJ  KI<U<4<U         I    <    D 

UiJQUUUXU<UUUCUUUXIli<UU 


c  i  o 

i  <  ^ 

ru  u  cr 

*  I-  _l 

E  T  HI 


a.  < 


O 

or    • 

O  ru 
u.  m 


CO 

u 


or     •  oiq 

cr       o  ru  •  <  *■>       or 

»—  ►-«  U-f^OSruuOh-HM 
a  <  N    i    nn\  jjo< 

oa.  cot-oc«i-_iua. 
uiij  ujoruxcnrujouj 
<0:7'3<inr>-<<;»«jcr 

Or  _|  <   rf>  —  u   II                 '  a;  j«  ipmu 
J  _i  o  <  ii   ii   ii   ii  tij  j  j  o  <»  ii   ii   ii   ii  en  i > i 

JJI->1-!CU1<JJJI->I-:IIUI1.<J    J-J 
•J<JUJ  I<E<U<<<UJ  X<l<l_)<«t< 

auuiiJ<uuucuuusu;<uuuouuu 
i—  t~ 


a  re  o 

•   <   v->  CC 

ru  o  o  h-  »-< 

I      ifl\    J)Q< 

c  a  *  h-  _i  u  i 
OcorucrixuJuuJ 
73flruUl4<><a 


r  -4 

a 
o 


O  ui 

a  o 

X  -1 

o 


3  J) 

a  a 

X    -I 

o 
(_> 


CO 

>- 

■9 
3. 

tu 

UJ 
Ul 

UJ 

Z 


O  ru 
u.  rn 

"s 

CO  *- 

Ul  o 
Z   D  < 

rc  _i  < 

3  -I    II 

i-  >  i- 

UJ         X 

rc  uj  < 

i— 
3  r^ 

a.  o 

x  -l 

o 


3 

a 
rc 
cc 

3 
</) 


D.28 


— A 

a 

II 

<t 

1— 

w 

0. 

V 

o 

CO 

< 

o 

O  X  o 

a  o  f-u  u  o  t-  t-> 

•     im\  jjd< 

c  o  *  >-  _i  <_>  a. 

t   XS   IUUU 

oru<  <  >  <  o:  z 
f  ui  u  II  or. 

II      II     N      L     _l    _J    _l    O 

mun<jjji-fi 
uuuououarui 


o 

K 
rfl 

en 


D.29 


UJ 

UJ 
a. 

CO 


V- 
rc 


ui  of 

<  » 
ac  i- 
u  r 

O  i-i 

_j   » 

CD  t- 
O 
(-  < 
Z  < 
UJ  » 
Q  3 
►x  < 
O  > 

o  o 


o  o 

UJ  31 
lO   (_) 

3   «. 

t  m 

u  < 

i-       t_> 

q  >-    » 

o  <  •— 

U  JI 
<    UJ  <t 

a  -v 
lu  < 
z  iu  rr 

H-    -<    -V 
3  I-  Z 

o  o 

a  s)  j: 

t  UJ  T- 

3  »-  3 

CO  ■«  l_) 


O  UJ 

<  to 

W  3 

o  • 

•  z 

-H  O 


o  •-« 

•  o 

<-.  UJ 

«  t- 

Ut  M 

•  CO 

o  o 

+  a. 

r\  a. 

o  o 


CO 

UJ 


X 

> 

u. 
o 


o  c 

V    II 

l-CO 

r  < 
-.  iu  _1 
II   p-  u. 

z  <  •- 


O  U         U  «">  (3 

ts  iv'  as     «  to  z 

<-»  CO         lO  3  w 

tr  ^>                             o    »        »  co  3 

o  i_>  a                              ►-  u       u    »  m 

t     •.  a  co                            cc;dc03 

idu  •  o                    o  <_>       o  o  e      . 

tO^>COCJ-<        >-h         CD  tj)  :>         >o 

<   C   UiD     •         h-  t  *-<         ^  >  U. 

O     >uut-  •«  O         CO   .->  3  C   w  3    O 

co'sons-j)       in  u_       x 

«UC1U      •  _l  J  J  UI  u 

O  CO     i  UJ  m  uj  m  U!  ui  >-    I 
oo-ta_i>        >>•«►-• 

II    II    II   co     •  c  ft   T 

^   It  O  Z    _l  I-  _J  _l  <I 

<   C  it   UI  "  J  _l   _l  IU    II 

O  (_)  O  I—   U    «<   O  <    -1  >—  lit 
>>>-i>-<00<-!<_>-«3: 


>v    O    -I    V   CI 


l_)  I 


HIU-IU 
J  <  1!  II  \ 
<f  II  u  u  > 
IIUO  <l 

U  (_) 

O  O  > 


_J  IU 
U.  I- 


o 
u 
u 

ID 

z 


3  -l 


3 


<o 

X 

3 

co 

V 

3 

a 

z 

o 

rr 

IU 

• 

u. 

or 

o 

— * 
l 

CO 

o 
u. 

u. 

cc 

ct 

Ul 

o 

CO 

3 

UJ 

i: 

UJ 

o 

CO 

* 

o 

O 

UJ 

_J 

>- 

• 

N 

r 

UJ 

1- 

o 

t-1 

1- 

o  e 
•  ru 

• 

o 

I 

o 

^>  o 

z 

c 

• 

i: 

CO 

O    II 

— * 

• 

o 

cc  z 

I 

o 

Ul 

z 

C   II   u 

s^- 

o 

>- 

o 

O   (-■ 

u 

O    II 

> 

UJ 

o 

•  _l  X 
ru  o  CO 

* 
-J 

II 

a) 

z 
< 

o 

to  3 
«.  UJ 

Q 

•  _l 

nj  3 

'X. 

^.  —.  r> 

a 

H- 

o 

3 

CO 

X   3 

Z 

I  v  *-. 

O 

2 

O    -H    -1 

\_^ 

/^ 

UJ 

o 

o 

• 

3 

O   O 

< 

►-  Q   -l 

c 

cc  u 

»-H 

3 

a    •    • 

UJ 

* 

c 

CO 

«1 

►-I 

<-* 

K-H 

u 

a  tj  - 

■>- 

•J 

O  CO 

<t 

v  cr  a 

r 

IU 

• 

3 

CO 

t- 

CC 

• 

1- 

rc 

>  u. 

>- 

rr 

«» 

Z  V  o 

— 

to 

CO  1/5 

IU 

> 

ZS  IU  UJ 

*-* 

r 

a 

1 

V 

«t 

(-> 

»— 

< 

•a 

<^  3 

1— 

3 

■> 

UJ  3  UJ 

»■-» 

■N 

>»  -s 

;o 

O 

■Y.       •      • 

t- 

1-4 

• 

u 

rr 

rr 

X 

L5 

•r 

U 

U. 

or 

i— i 

CO 

3 

_i  or    • 

CO 

*- 

u  »- 

Z 

1 

> 

*  o  u- 

t- 

t- 

to 

1— 

• 

>. 

o 

_l  UJ 

i_) 

CO 

^N 

1 

*  o 

z 

r 

■jo  r 

<j 

no 

1 

UJ  <»    «» 

>- 

+ 

_i 

> 

3 

■« 

c_i 

c 

X 

O 

^4 

o 

■x 

TC- 

UJ  t- 

I 

z 

t 

rc 

UUI4 

IU 

<t 

U  <r 

X 

G 

t— 

>:  _i  _i 

•* 

O 

• 

« 

• 

X 

^v 

II 

■a 

15 

II 

^ 

C_) 

• 

■>  < 

i— 

UJ 

C_l 

T? 

3.  T.    _l 

a 

ii 

II   II 

(_) 

> 

II 

•-"    U.     IL 

-i 

rT 

rr 

_l 

G 

<I 

o 

<_D 

II 

O 

cr 

> 

II 

-^ 

a 

T 

o 

ii 

> 

Ui  ►-  U. 

a 

r.r  o 

C 

UJ 

>—  >-<  *-* 

•jj  u 

1— 

UJ 

rr. 

CJ 

<I 

CJ 

Q 

<« 

CO 

II 

-i 

< 

-c 

a 

3  1-^ 

iu 

<t 

C   CO 

IU 

ll 

X 

ii  <-'  ^^ 

c 

ii 

v— 1 

o 

II 

II 

IL' 

-J 

ro 

v-^ 

_i 

LU 

3 

rr 

_l    IU 

II 

III 

ry 

n 

fj    II   >^ 

i— 

;> 

:>  > 

►- 

O 

l-H 

JUU 

CO 

u. 

n 

ct 

t- 

U. 

<_> 

u. 

u. 

K- 

u 

<_; 

<  ►- 

3 

»— 

> 

o 

_l  UL 

i 

o 

o  o 

o 

Q 

*— 

r?  ►-!  «-■ 

UJ 

*— 

»-i 

UJ 

to 

u 

<t 

*-f 

O 

K-l 

»— i 

•a 

> 

> 

o  < 

or 

< 

Q 

o 

LU  n  — 

-i 

_J 

H- 

1— 

_l 

-I 

_l 

_l 

t— 

3 

3 

* 

3 

3 

3 

3 

in 

3 

3 

3 

C-J 

O 

CL 

O- 

<_) 

<_) 

(_) 

u 

a 

-J 

_l 

r 

j: 

_l 

_J 

_J 

_J 

X 

«c 

«t 

o 

o 

< 

< 

«t 

<t 

o 

o 

u 

u 

u 

O 

(_) 

U 

1-1 

u 

3 
O 

a 

cc 

3 


D.30 


UJ 

a 

< 
a. 


a 
<t 

SI 

N 
C 


I 

a: 
w 

■s 
c 


* 
in 

o 
+ 

< 


i 
a) 

o 

'0 


<   ► 

•  +  z 

_i  cr 

no: 

UJ  u 

i-  i-  o 

O    II 

^  n  >-  e 

s: 

n.    S    UJ    2 

UJ  t- 

HhlliJ 

i— 

Z5 

CL 

5" 

O 

D.3I 


V 

(X 

cs 

►-I 

-c 

< 

h- 

a. 

v 

UJ 

> 

at 

I 
cc 

CO 

□ 


co  X  i 

UJ  t-l  I 

CD     «.  ! 

Z  f—  I 

C  Q  l 
(_)  < 


o 

cj 

UJ 

l_l 

O 

UJ 

o 

UJ 

'C 

CO 

UJ 

1— 

ts 

CO 

to 

o 

3 

.L 

2 

o 

>. 

— < 

3 

^ 

<_> 

o 

/"* 

'_? 

■< 

« 

c 

a 

II 

<i 

re 

■ 

o 

I 

z 

I 

c 

• 

• 

1— 

or 

o 

< 

>- 

O 

o 

►H 

CJ 

O 

II 

^-4 

o 

a. 

n 

o 

1- 

z 

f-\ 

CO 

3 

• 

_l 

v^ 

ii 

o 

< 

a. 

>- 
< 

K 

cj 

< 

a 

cc 

co 

UJ 

2 

X 

nj 

o 

-J 

X 

UJ 

_J 

X 

< 

o 

o 

• 

o 

C" 

a 

< 

*— 

a 

*-, 

a 

*-> 

OL 

UJ 

•* 

a 

< 

l-l 

»-4 

►— < 

CJ 

o 

ca 

Q 

• 

UJ 

^— • 

c 

* 

o 

v. 

<* 

co 

1- 

a 

• 

t~ 

co 

> 

u. 

>- 

3T 

<r 

2 

*S 

Of 

c 

* 

• 

r>- 

UJ 

<t 

cj 

■N. 

•3 

o 

>— 

< 

< 

v-» 

G 

*~ 

CJ 

>■ 

UJ 

O 

UJ 

»-i 

UJ 

o 

•"s 

~ 

UJ 

:r 

DC 

cr 

>* 

C3 

K 

cj 

u_ 

or 

*~4 

co 

C 

_1 

X 

• 

i— 

X 

• 

■a- 

>-* 

"2~ 

►- 

UJ 

CO 

V- 

• 

-s 

c 

_1 

UJ 

CJ 

CO 

v 

1 

CJ) 

* 

<J 

»-4 

1- 

n- 

1— 

i-i 

■^ 

t— 

D 

* 

<_) 

a 

X 

CJ 

— 1 

u 

3: 

c 

UJ 

y— 

t 

^z 

rr 

t? 

UJ 

or. 

UJ 

< 

>- 

>— 

_J 

~D 

t— 

2" 

*-4 

• 

I; 

^v 

ii 

< 

•c 

II 

V 

cj 

• 

> 

«*r 

1— 

ui 

cj 

c 

I? 

»— 

i: 

_J 

< 

■K 

• 

z 

C2 

r; 

CO 

Ul 

-*f 

o 

cr> 

il 

o 

cs 

> 

ir 

<-< 

CC 

X 

c 

ii 

"> 

UJ 

n 

*-« 

u. 

_l 

at 

E 

en 

J- 

co 

r 

m 

1-1 

< 

<_) 

o 

< 

:£ 

II 

_J 

~i 

T 

o 

3 

UJ 

h- 

»"l 

ijj 

CJ 

1- 

3 

(C 

■jf 

3; 

UJ 

II 

II 

UJ 

_i 

.-Q 

w 

_l 

UJ 

CZ 

a 

-' 

Ul 

ii 

UJ 

C2 

II 

C5 

r 

II 

w 

ij 

n 

•*^ 

1— 

r> 

►— 

o 

h- 

X 

X 

h- 

u. 

l_> 

IJL 

u. 

►- 

CJ 

o 

< 

►— 

3 

H- 

:> 

o 

*-« 

_J 

a. 

z. 

li. 

UJ 

(V 

to 

** 

cj 

< 

to 

o 

•< 

»-* 

Q 

*~1 

>— 

*< 

•> 

> 

o 

< 

OC 

< 

O 

o 

UJ 

K- 

C? 

»-» 

UJ 

*- 

'-^ 

^r 

D.32 


II 

X 

+ 

1— 

v— ' 

OJ 

Q. 

3 

nj 

ru 

m 

m 

m 

fT> 

■* 

C 

J3 

o 

a 

O 

c 

o 

o 

* 

_J 

+ 

+ 

+ 

+ 

* 

+ 

X 

UJ 

UJ 

UJ 

llJ 

UJ 

UJ 

UJ 

* 

:> 

-C 

(V 

r*- 

J> 

X 

m 

m 

zt- 

cr 

00 

OJ 

T 

in 

<n 

o 

r\. 

UJ 

cr 

# 

*■ 

CO 

o 

n- 

+■ 

^v 

z 

— * 

r*- 

m 

CD 

<T 

o 

X 

3- 

f-1 

□ 

T 

o 

X 

rv 

cr. 

•» 

n- 

~D 

j> 

* 

ru 

X 

CO 

a- 

ru 
(J 

Z 

C 

o 

O 

^ 

o 

o 

o 

+ 

a. 

IX 

1 

1 

i 

~- 

o 

a 

ii 

II 

11 

:i 

11 

ii 

'_> 

H- 

Ci 

i? 

—i 

ru 

rri 

j- 

in 

J3 

11 

UJ 

z 

CO 

LJ 

o 

(_> 

CJ 

i_> 

U 

>- 

cr 

UJ 

D.33 


II 

X 

t- 

*_* 

0- 

o 

o 

_I 
UJ  X 

>  * 

3- 

n- 

o 
llJ    • 

*-*  nj 

h-     1 

ZD    O 

2 

o     • 

a. 

it.    C3 

z> 

cc  in 

>-  a 

Z>    II 

UJ   z 

co  >- 

Or   UJ 

UJ 


D.34 


a 

«hS 

■H 

<VI 

ru 

ru 

ru  ru 

* 

o 

u. 

o 

o 

c 

o 

o  o 

* 

_l 

1 

-t- 

+ 

+ 

■»■   + 

X 

Ul 

UJ 

UJ 

UJ 

UJ 

UJ  UJ 

« 

> 

r^- 

to 

rr, 

r-t 

~i  m 

rr, 

■j- 

~ i 

T 

<r 

Lfl 

X    LP 

O 

rv 

UJ 

Ln 

cr 

in 

Ul 

in  n- 

*• 

\ 

z 

r^ 

r>- 

ru 

LI 

in  * 

X 

J- 

I—) 

ru 

r*. 

— * 

in 

r>-  m 

* 

o- 

►- 

j- 

-H 

~* 

LP 

r-  *• 

ru 

z 

o 

o 

(T 

a 

a 

o  o 

+ 

at 

tr 

i 

1 

—< 

r> 

X 

ii 

II 

ii 

ii 

II    II 

u 

H- 

o 

o 

— < 

ru 

m 

*• 

Jl    X 

II 

UJ 

z 

</> 

<_J 

(J 

i_) 

<_> 

u  o 

>- 

-t 

UJ 

u. 

_i 

UJ 

> 

UJ 

I-* 

»- 

o 

o 

CL 

cC 

Z> 

V) 

D.35 


APPENDIX  E 

COCOST  PROGRAM  LISTING 

The  listing  of  the  COCOST  program  follows.  The  program  consists  of  a  main  program  and 
twenty-three  subroutines.  Since  the  subroutines  are  all  identical  to  those  used  in  the  SSCOST  program, 
the  reader  is  referred  to  Appendix  D  for  brief  descriptions  of  their  functions.  Description  of  the  main 
program  function  follows.  A  dictionary  of  variable  names  is  provided  later  in  Appendix  F. 

MAIN  Program 

The  main  program  maintains  overall  control  of  the  execution.  Note  on  page  1  of  the  listing 
that  the  various  representative  costs  and  input  values  are  preset  within  the  starred  lines.  These  cards 
can  be  changed  to  local  values  if  desired.  Changes  for  these  values,  or  changes  between  consecutive 
runs,  can  also  be  effected  by  the  KARD  flags  described  in  the  starred  box  of  page  2. 

After  calling  in  the  input  data  and  performing  the  necessary  initializations,  the  program  calls 
the  CNGRD,  PROBAB,  and  TRADEL  to  compute  the  societal  cost  with  no  guardrail,  probabilities 
of  impacts  for  the  category  vehicle  speeds  and  impact  angles,  and  travel  delay.  The  major  difference 
between  the  SSCOST  and  this  program  then  occurs.  Rather  than  a  single  pass  through  the  SEVER 
subroutines  with  a  specified  guardrail  type,  this  program  loops  the  subroutines  to  obtain  accident 
severities  for  each  of  the  eleven  guardrail  types  and  saves  the  results.  These  results  are  then  used  to 
establish  the  rankings  by  state  costs,  societal  costs,  total  costs,  and  benefit-to-cost  ratios.  Finally, 
the  program  control  is  transferred  back  to  the  beginning  of  the  program  for  the  next  set  of  input 
data.  As  shown  in  Figure  1 1,  as  many  input  data  sets  can  be  stacked  as  desired.  Program  termination 
is  effected  by  encountering  an  end-of-file. 

Operating  Characteristics 

The  CDC-6500  version  of  the  COCOST  program  requires  a  60k  core.  For  three  sets  of  input 
data,  including  the  two  sets  shown  in  Figure  11,  the  run  required  7.88  seconds  of  CP  time  and 
27.65  seconds  of  10  time.  For  the  IBM-370  version,  a  360k  core  was  required,  and  27.93  seconds  of 
CPU  time  were  used.  Costs  for  the  CDC  and  IBM  runs  were  approximately  $10.60  and  $16.00, 
respectively. 
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APPENDIX  F 


DICTIONARY  OF  VARIABLE  NAMES 


This  appendix  lists  the  major  variables  in  the  SSCOST  and  COCOST  programs  and  explains 
their  meaning. 


Input  Variables  (arranged  alphabetically) 
Variable  Name 


Quantity  Represented 


AADT 

C22 

C45 

CFAT 

CI 

CINJ 

CMA 

CRE 

CTD 

DEG 

DGF 

FHWA 

GL 

GT 

HD 

HT 

KARD(5) 

OBL 


Annual  average  daily  traffic 

Cost  of  a  2250-lb  vehicle 

Cost  of  a  4500-lb  vehicle 

Cost  of  a  fatality  in  dollars 

Cost  of  guardrail  installation  in  dollars  per  ft 

Cost  of  an  injury  in  dollars 

Yearly  cost  of  guardrail  normal  maintenance  in  dollars  per  ft 

Cost  of  guardrail  repair  in  dollars  per  ft 

Cost  of  travel  delay  in  dollars  per  hour  per  vehicle 

Degree  of  horizontal  curve.  Used  for  initial  degree  of  curve  with 
multiple  runs  with  varying  degrees  of  curve 

Final  degree  of  curve  for  multiple  runs  with  varying  degrees  of  curve. 
DGF  =  DEG  for  single  runs 

FHWA  region 

Guardrail  length  of  need  in  ft 

Guardrail  type 

Highway  division 

Highway  type 

Flags  for  changes  in  input  values 

Obstacle  exposure  length  in  ft 


F-l 


Variable  Name 


Quantity  Represented 


OBS  Guardrail-to-obstacle  distance  in  ft 

OFL  Left  offset  distance  in  ft 

OFR  Right  offset  distance  in  ft 

PRINT  Print  flag 

RI  Current  interest  rate  in  percent 

SAL  Unit  salvage  value  for  guardrail  in  dollars  per  ft 

SHOL  Shoulder  width  (distance  from  pavement  edge  to  guardrail)  in  ft 

SL  Guardrail  service  life  in  years 

SLV  Total  salvage  value  of  guardrail  in  dollars 

T22  Fraction  of  traffic  for  2250-lb  vehicles 

T45  Fraction  of  traffic  for  4500-lb  vehicles 

TRG  Time  to  repair  damaged  guardrail  in  hours 

TRV  Time  to  remove  damaged  vehicle  in  hours 
DIMENSION  Statements  (arranged  alphabetically) 

ANG(4)  Category  angles  7°,  15°,  25°,  30° 

BC(  1 1 )  Benefit/cost  ratios  for  guardrail  types  (destroyed  in  ranking  process) 

CG(  1 1)  State  costs  for  guardrail  types  (destroyed  in  ranking  process) 

CI(  1 1 )  Guardrail  installation  costs  in  dollars  per  ft 

CS(  1 1 )  Societal  costs  for  guardrail  types  (destroyed  in  ranking  process) 

CTOT(  1 1 )  Total  costs  for  guardrail  types  (destroyed  in  ranking  process) 

ITYPE(  1 2)  Indexes  for  guardrail  types  in  DATA  statement 

JB(1 1)  Indexes  for  guardrail  types  as  ranked  by  benefit/cost  ratios 

JG(  1 1 )  Indexes  for  guardrail  types  as  ranked  by  state  costs 

JS(  1 1)  Indexes  for  guardrail  types  as  ranked  by  societal  costs 


F-2 


Variable  Name 


Quantity  Represented 


JT(ll) 

KARD(5) 

SB(ll) 

SG(ll) 

SS(ll) 

ST(ll) 

TITLE(IO) 


Indexes  for  guardrail  types  as  ranked  by  total  costs 

Flags  for  changes  in  input  values 

Benefit/cost  ratios  for  guardrail  types  (saved  for  printout) 

State  costs  for  guardrail  types  (saved  for  printout) 

Societal  costs  for  guardrail  types  (saved  for  printout) 

Total  costs  for  guardrail  types  (saved  for  printout) 

Title 


Common  Blocks  CST  (arranged  as  listed  in  programs) 


H22(12) 

H45(12) 
E22 
E45 
TOT(8) 

PRB(4) 

TNH(12) 
TDU12) 
COST(12) 


EFP,  EFA 


CINJ,  CFAT, 

C22,  C45, 
CTD,  CNG 


Number  of  2250-lb  vehicle  hits  for  each  of  12  impact  conditions 

Number  of  4500-lb  vehicle  hits  for  each  of  12  impact  conditions 

Number  of  encroachments  for  2250-lb  vehicles 

Number  of  encroachments  for  4500-lb  vehicles 

Totals  of  injuries,  fatalities,  guardrail  damage,  and  vehicle  damage  for 
2250-lb  and  4500-lb  vehicles 

Probabilities  for  accident  blocking  the  highway  (see  Table  E.l  of 
Volume  I) 

Total  number  of  hits  for  each  of  12  impact  conditions 

Total  traffic  delay  for  each  of  1 2  impact  conditions 

Costs  for  (1)  injuries,  (2)  fatalities,  (3)  guardrail  repair,  (4)  2250-lb 
vehicle  damage,  (5)  4500-lb  vehicle  damage,  (6)  traffic  delay,  (7) 
guardrail  installation,  (8)  guardrail  maintenance,  (9)  salvage  value, 
(10)  total  accident  damage,  (11)  present  worth  traffic  delay, 
( 1 2)  unused 

Economic  factors  for  present  values  of  (1)  $1  at  compound  interest 
and  (2)  annuity  of  $  1 

Costs  for  injury,  fatality,  2250-lb  vehicles,  4500-lb  vehicles,  travel 
delay,  and  societal  cost  for  no  guardrail 


F-3 


Common  Blocks  PRO  (arranged  as  listed  in  programs) 

Variable  Name  Quantity  Represented 


V 

TL 

DEG 

P7,  P15, 
P25,  P30 

THETA 

IPASS 

HD 
ANGL(2,3) 

PB(2,12) 

OFL 

OFR 


Velocity  in  mph 

Total  offset  distance  in  ft 

Degree  of  horizontal  curve 

Probabilities  of  7°,  15°,  25°,  and  30°  impacts 

95  percentile  impact  angle  (see  Appendix  D  of  Volume  I) 

Pass  number  for  probability  calculation  (1  =  left  offset,  2  =  right 
offset) 

Highway  division  (0  =  undivided,  1  =  divided) 

95  percentile  impact  angles  for  (left,  right)  at  (30,  50,  and  70  mph) 
speeds 

Probabilities  of  hits  for  (left,  right)  for  each  of  12  impact  conditions 

Offset  distance  on  left 

Offset  distance  on  right 


Common  Blocks  TRA  (arranged  as  listed  in  programs) 


AHT 

CAB 

CBC 

SAQ 

DVAQ 

AADT 

IHT 

TRV 

TRG 

TB 


Average  hourly  traffic 

Capacity  in  Section  ab  (see  Figure  E.  1  of  Volume  I) 

Capacity  in  Section  be  (see  Figure  E.l  of  Volume  I) 

Operating  speed  in  Section  aq  (see  Figure  E.  1  of  Volume  I) 

Vehicle  density  in  Section  aq 

Annual  average  daily  traffic 

Highway  type 

Time  to  remove  damaged  vehicle 

Time  to  repair  damaged  guardrail 

Traffic  delay  caused  by  accident  blockage 


F-4 


Variable  Name 


Quantity  Represented 


TM  Traffic  delay  caused  by  guardrail  repair  congestion 

Common  Blocks  SEV  (arranged  as  listed  in  programs) 


W(24) 

F(24) 

GD(24) 

VD(24) 

DEF(24) 

OBS 


Number  of  injuries  for  each  of  24  impact  conditions 

Number  of  fatalities  for  each  of  24  impact  conditions 

Guardrail  damage  for  each  of  24  impact  conditions 

Vehicle  damage  for  each  of  24  impact  conditions 

Maximum  dynamic  deflection  of  guardrail  for  each  24  impact 
conditions 

Guardrail-to-obstacle  distance  in  ft 


F-5 
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FEDERALLY  COORDINATED   PROGRAM  OF  HIGHWAY 
RESEARCH  AND  DEVELOPMENT   (TCP) 


The  Offices  of  Research  and  Development  of  the 
Federal  Highway  Administration  are  responsible 
for  a  broad  program  of  research  with  resources 
including  its  own  staff,  contract  programs,  and  a 
Federal-Aid  program  which  is  conducted  by  or 
through  the  State  highway  departments  and  which 
also  finances  the  National  Cooperative  Highway 
Research  Program  managed  by  the  Transportation 
Research  Board.  The  Federally  Coordinated  Pro- 
gram of  Highway  Research  and  Development 
(FCP)  is  a  carefully  selected  group  of  projects 
aimed  at  urgent,  national  problems,  which  concen- 
trates these  resources  on  these  problems  to  obtain 
timely  solutions.  Virtually  all  of  the  available 
funds  and  staff  resources  are  a  part  of  the  FCP. 
together  with  as  much  of  the  Federal-aid  research 
funds  of  the  States  and  the  NCHRP  resources  as 
the  States  agree  to  devote  to  these  projects." 


FCP  Category  Descriptions 

1.  Improved    Highway   Design   and   Opera- 
tion for  Safety 

Safety  R&D  addresses  problems  connected  with 
the  responsibilities  of  the  Federal  Highway 
Administration  under  the  Highway  Safety  Act 
and  includes  investigation  of  appropriate  design 
standards,  roadside  hardware,  signing,  and 
physical  and  scientific  data  for  the  formulation 
of  improved  safety  regulations. 

2.  Reduction    of    Traffic    Congestion    and 
Improved  Operational  Efficiency 

Traffic  R&D  is  concerned  with  increasing  the 
operational  efficiency  of  existing  highways  by 
advancing  technology,  by  improving  designs  for 
existing  as  well  as  new  facilities,  and  by  keep- 
ing the  demand-capacity  relationship  in  better 
balance  through  traffic  management  techniques 
such  as  bus  and  carpool  preferential  treatment, 
motorist  information,  and  rerouting  of  traffic. 


*  The  complete  "-volume  official  statement  of  the  FCP  is 
available  from  the  National  Technical  Information  Service 
(NTIS),  Springfield,  Virginia  22161  (Order  No.  PB  242057. 
price  .$45  postpaid).  Single  copies  of  the  introductory 
volume  are  obtainable  without  charge  from  Program 
Analysis  (HRD-2),  Offices  of  Research  and  Development, 
Federal    Highway   Administration,    Washington,   D.C.    20590. 


3.  Environmental  Considerations  in  High- 
way Design,  Location,  Construction,  and 
Operation 

Environmental  R&D  is  directed  toward  identify- 
ing and  evaluating  highway  elements  which 
affect  the  quality  of  the  human  environment. 
The  ultimate  goals  are  reduction  of  adverse  high- 
way and  traffic  impacts,  and  protection  and 
enhancement  of  the  environment. 

4.  Improved  Materials  Utilization  and  Dura- 
bility 

Materials  R&D  is  concerned  with  expanding  the 
knowledge  of  materials  properties  and  tcchnologv 
to  fully  utilize  available  naturally  occurring 
materials,  to  develop  extender  or  substitute  ma- 
terials for  materials  in  short  supply,  and  to 
devise  procedures  for  converting  industrial  and 
other  wastes  into  useful  highway  products. 
These  activities  are  all  directed  toward  the  com- 
mon goals  of  lowering  the  cost  of  highway 
construction  and  extending  the  period  of  main- 
tenance-free operation. 

5.  Improved  Design  to  Reduce  Costs,  Extend 
Life  Expectancy,  and  Insure  Structural 
Safety 

Structural  R&D  is  concerned  with  furthering  the 
latest  technological  advances  in  structural  de- 
signs, fabrication  processes,  and  construction 
techniques,  to  provide  safe,  efficient  highways 
at  reasonable  cost. 

6.  Prototype  Development  and  Implementa- 
tion of  Research 

This  category  is  concerned  with  developing  and 
transferring  research  and  technology  into  prac- 
tice, or,  as  it  has  been  commonly  identified, 
"technology  transfer." 

7.  Improved  Technology  for  Highway  Main- 
tenance 

Maintenance  R&D  objectives  include  the  develop- 
ment and  application  of  new  technology  to  im- 
prove management,  to  augment  the  utilization 
of  resources,  and  to  increase  operational  efficienc 
and  safety  in  the  maintenance  of  highway 
facilities. 
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